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PREFACE 


Modern airplanes are equiped with instruments and autoratic devices assuring 
continuous control of the regime of flight and solving the complex problems of auto- 
eae control and automatic orientation. The impertance of snstrument3 on aircraft 
is increasing every year. At the present time instruments have become one ef the 
most important factors determining the general technical level of aviation. The 
development of aviation technology in turn has involved the improvement of the 


ing designs of aircraft instruments, the appearance of new designs, as well as 


utilization of fundamentally new methods of measuring various quantities, that 


not been previously in use. Aireraft equipment has undergone extensive quantitative 
and qualitative modifications. The number of items has increase, and entirely new 
forms of such equipment nave appeared. hutomatic devices for controlling flight 
and for operation of power plant, radio equipment, devices for piloting and landing 
aircraft under unfavorable meteorological conditions have been gaining ever wider 
“use. In connection with the progress in the field of aircraft equipment the opera- 


tional and tactical possibilities of utilizing aircraft have also expanded. Tne 
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further developrent of aircraft equipment and, in particular, of instrumentation is 
proceeding along the lines of ever {nereasing automatization and increase in accu- 
Tracy e 

Tne present book has been written with respect to the syllabus of the course 


in "Instrument of Precision Kechanics" ent building technicums and con- 


tains materials on the section of the course entitled “NAviation Instruments and 
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Automatic Pilets". 


The purpose of the book is to give an idea of the instruments controlling the 


operation of aireraft engines, the piloting-navigation instruments, and automatic de- 


vices. The book gives a description of the principle of operation of the individual 
instruments and, in the most general way, also presents the elements of design of 
instruments and gives 3 considerable amount of space to the errors of aireraft in 
atunentss The question of errors ts considered in greater detail, since the tech- 
ieal instrument builder must have a distinct idea of the causes for individual er- 
rors, of the methods for their total or partial elimination, and with re 
possibilities of a given method of measurements, of the possible accuracy of opera- 
tion of the instrument. | 
™he book does not give a description of snstruments that ray pe in question 
for aviation or of instruments actually in use but rot typical for our modern USSH 
aircraft. Such instruments include: direct-current tachometers, tachometers with 
rectifiers, etc. The automation of the aircraft engine is not considered. The book 
does not include elements of calculation of instrumerits, question of installation, 
disassembly and operation of instruments. In cases where the reader requires more 
detailed study of some instrument (for exanple, in designing work) it will be neces- 
sary to consult the book by D.ABraslavskiy, S.$.Logunov, and D.S.Peltpor ‘The 
Calculation and Design of Aircraft Instruments" (Bibl.1) or one of the books given 
in the Bibliography at the end of this book. 
I express my sincere gratitude to G.0.Fridlender for his valuable assistance 

with the book. 1 Likewise express my appreciation to Ye.L.Veller, the editor of 
this book, for a number of valuable comments made Sn reading of the agniacente: 


The Author 
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INTRODUCTION 


The most important units of an aircraft are as follows: 


1 The body, the main design part of the aircraft which houses the crew, power 


vince tnd tetnea ete He MORIA EH 


plant, equipment, and all units and devices forming 4 part of the design of the air- 


oraft. 


” 


2. The power plant, ineluding the engine with the systems of fuel feed, cool- 


ing, and lubrication, and also the propellers (for piston and turboprop engines ). 


2, The equipment, consisting of the instruments, mechanisms, units, and in- 


stallations making it possible to control the aircraft to obtain optimun performance 


of its mission. The concept as aft equipment includes the technical means al- 


lowing: 
a. control of steering of the aircraft, flying speeds, and operation of 


the power plant, as well as mechanization and automation of these processes: 


b. assuring a sore complete utilization of the flight-technical means of 


the aircraft in accomplishing its mission and increasing the safety of flight: 


c. providing the most pleasant working conditions for the crew and passen- 


eT. 


The conditions of flight on modern aircraft, particularly on high-speed types 


would be so complex and would require such acute and sensitive sensory organs of the 


crew members, such an effort of memory and thought, such endurance, that in the best 


case it would lead to extraordinary fatigue, and in the worst case it would be en- 


tirely impossible to handle for the human organism, if technical equipment were not 


called into action. 


In the complex environment of modern flight, even at zero ground visibility, 


the aircraft crew is rapidly able to solve, with the aid of instruments, the com 


plex problems of position fixing, of orienting the aircraft with respect to the 
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‘Aireraft equipment greatly simplifies the solution of many problens facing the 
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aireraft crew. For example, the intercom system of aircrart and the means for out- 


aide radio communication allow a normal conversation both between the individual 
members and with crews of other aircraft or with the ground crew, despite the noise 
of the power plants. 

The systems of control and measuring instruments, widely used on modern air- 
craft, and of transmission mechanisms allow the pilot to take the ce 
for a given condition of flight and to implement them without excessive 
using various power transmission mechanisms and drives. Ina number of cases, the 
latter task is considerably simplified by the use of appropriate automatic devices. 

Thus, in spite of the progressive complexity of missions, the work of the crew 
is increasingly facilitated through further development and improvement of aircraft 
equipment. 

The wide variety of modern aircraft instruments has been developed and improved 
over a period of many years, in the process of improvenent of other aircraft equip- 
ment and in step with the continuous expansion and cozplication of the problems 
solved during flight. Some instruments were in existence considerably earlier than 
the first aircraft. For example, the magnetic compass and the methods of naviga- 
tion by compass developed by the efforts of Russian scientists, such as Admiral 1.F. 
Eruzenshtern (1770-1846), Lt. I.P.elavents (1829-1878), Academician I.F De-Kolong 
(3839-1902), and Academician A.N.Krylov (1863-19L4), have found widespread applica- 
tion in aviation. Russian aircraft designers were the first in the world to apply 
the most advanced methods and instruments of the time with respect to navigation by 
compass as well as the methods and instruments of astronomic orientation of the 
aircraft, The Russian aircraft inatrument building industry has always been, and 
still is, at a very high level. 


The first navigation instruments were designed by Fussian aeronauts as early as 
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1804, and the Academician Ya.D.cakharov made a flight on a balloon equipped with a 
compass, an instrument for determining ascent and descent, and an optical telescope, 
ives, instruments allowing the route of the balloon to be plotted on the map. 

The famous piewtan designer A.F.Mozhayskiy, in designing his airplane, thorough- 


ly laid out not merely the desimm of aircraft and engine, but also took into account 
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the purpose of the aircraft, i.e., he provided for equipment on board that was nec- 


AALS 


goers 


essary for the completion of practical flights. helying on the experience of navi- 


rer pearing ah 


gation and ship building, he installed on his aircraft bank-and-turn indicators, 
altimeter, thermometers, a speedometer, and a compass. To him belongs priority in 
the design of the entire set of aircraft equipment. 

In the 1250-s and at the beginning of the 20th century, Russian scientists de- 
signed a series of instruments for navigation and piloting. M.M.Pomortsev, in 1896, 

; and angular velocity of clouds 
and, in 1897, an instrument to determine the velocity and direction of motion of a 
balloon, which was the prototype of modern sights that appeared considerably in 
other countries. 

In 1898, the famous Russian scientist K.E.Tsiolkovskiy was the first in the 
world to propose the idea of an autopilot and to give its working diagram. 

The founder of radio engineering, the inventor of the first radic transmitter 
and radio receiver, and the first person in the world to actually accomplish radio 
transmission and radio reception (1895) and to discover the principle of radio loca- 
tion, was the famous Russian scientist A.S. Popov. 

The first heavier-than-air airplane in the world, the "Russkiy vityazt™ con- 


structed in 1913, was provided with a tachometer, clocks, altimeter, and compass. 
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The four~engine aircraft "Ilfya Muromets', constructed in 1914, was equipped 


os na Balen 


PA bet 


with compasses, altimeters, speed indicators, clocks, and tachometers. On this 
_ aircraft the method of navigation by compass was successfully employed for the 


first time. At approximately the same time, A.N.Zhuravchenko designed an anemomter, 
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V.A.Slesarey a speed indicator (which was a few years ahead of the American speed 
indicater "Ploneer"), V.P,Vetchinkin, an accelerometer, etc. In contrast to foreign 
designers, the desieners of Fuissian aircraft always paid great attention to conven~ 
Lent working conditions for the crew and provided it with the equipment necessary 


for flights. Russian designers developed a number of very interesting instruments 
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and devices, however, manufacture of these instruments in the necessary form. and in 
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adequate number proved impossible, since the development of aviation, and conse- 
quently also of the aircraft-instrument building industry, was not properly sup- 
ported by the ruling class. 

The Russian aviation industry and aircraft instrument buildine industry began 
‘their intensive development only after the October hevolutiony In spite of the dif- 
ficult conditions in the country at that time, the Soviet Covernment literally from 
the first days began to build an aviation industry and an aircraft-instrument build- 

ing industry. Already in 1919 a Soviet plant “Aviapribor turned out instruments 
for the air fleet, and in 1922 this plant chanced to series production. 

in 1923, this shop produced the following instruments: oil Fages, gasoline 
manometers, air thermometers, tachometers, altineters, deflectometers, and speed in- 
dicators. The plant had many designers and research instrument builders whose names 
today are widely aon (S.A.Nosdrovyskiy, S.S.Tikhnenev, G.O.Fridlender, and others). 

AS a result of continuous close contact and work in collaboration with noted 
Soviet scientists, pilots, and designers, instruments and autoratic devices were 
successfully used on aircraft and are still being created. 

A Collective of Soviet instrument builders consisting of D.A.Braslavskiy, M.M. 
Kachkachtfyan and HeGeEl *kind has developed a number of instruments, 
first gyromagnetic compass in the world. 

4.A-Andronov, BeV Bulgakov, S.E.Khaykin, as well as the young Soviet scientist 
V.V.Solodovnikov, Ya.Z.Tsypkin and others, have had exceptional success in the theo- 


ry of automatic control and the theory of gyroscopic instruments. Utilizing the 
STAT 
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theoretical work of the scientists, the Soviet designers have constructed and are 


now conatructing excellent models of instruments and automatic devices which aré suc- 
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cessfully used in aviation, and which lighten the work of the crew and assure safety 


saute 
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of flight. 

The use of automatic devices is particularly widespread for piloting aireralt 
(autopilets), automatic devices controlling aircraft power plants, and com 
automatic plotting of an aircraft course (automatic navigators). 

Such intense development of the SSE aireraft-instrument building industry has 
been possible only a 2he basis of the suecess of Soviet scientist and desimers 
the theory of regulation, the theery and desipn of various 
vices, electric sauuueesat, myroscopic and other instruments. 

Guch work in the field of metrology and in the study of the errors of measur- 
ing instruments have been of particular importance. 

The further improvement in the technical level of our USSF aviation wild cor- 
front Soviet instrwzent builders with a number of problems connected with the crea- 
tion of new types of instruments and automatic devices and also with the introduc- 


tion of the most recent achievements of science and industry and technology into 


production. 
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CHAPTER I 


PURPOSE AND APP LICATION OF ALRCKAFT INSTRUMENTS - 

Depending on the purpose, the instrumental equipment of an aircraft is divided 
snto the following groups: 

1. Instruments controlling the operation of the aircraft engines; 

Piloting and navigational instruments; 

2. Automatic devices controlling the operation of the aircraft eng. 
as automatic piloting devices (autopilots). 

Section 1. TH TS of HODERK ALRCEAPT and the INSTRUMENTS _ 

CONTROLLING THELR © EEA TIC 
Nodern aircraft are equipped with piston engines (PE) turbojet engines (TIE), 


set engines (JE), or turboprep engines (TPE). at the present time pistor. engines , 


air- or liquid-cooled, are still widely used. det engines are used on high-speed 


aircraft. Turboprop engines whose appearance has been relatively recent, are begir- = (xa 
ning to be used more and more. The necessity of using a propeller with such engines 
limits their application; guch engines are unsuitable for high-speed aircraft. 

The number and types of instruments controlling the pwer plant depends on the 


special features and type of the power plant. However, as shown below, their no- 


menclature varies only slightly. 


Light-Fuel Piston Engines 
The operation of such an engine is hased on the conversion of the thermal ener- 
gy of a combustible mixture burned sn the engine cylinders into mechanical work, 
L.@e, rotating the blades of a propelier, thus creating thrust. 
Por the exact setting and maintenance of the operating condition of an engine 
t is necessary to: 


1. Know the fuel supply on the aircraft; its control is accomplished by the 
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fuel gages 
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2, To supply air and fuel to the engine in 4 definite proportion and under 4. 
definite pressure. Indication is by means of the fuel gage and the vacuum age 


(with forced air feed of the engine, jeee, With supercharging used for maintaining 


one aipeeentosemsHeenTe 


oes 


a definite ratic af oxygen to gasoline in the combustible mixture )« 


noe 


3, To assure the uninterrupted supply of Lubricant to the friction parts of 
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the engine In this case 14 igs necessary to control not only the pressure, under 


mane Hind ete 


which the oil is supplied, put alse its temperature. At a low temperature (pelow 
4O-15°C) the yiscosity of the oil increases sharply, its rate of flow through the 
pipe lines ts diminished, and its feed throug channels of small cross section (for 
example, to the engine bearings) is impeded. At high temperatures, the viscosity 
of the oil decreases, it acquires fluidity, and adheres poorly to the clearance be- 
tween the friction parts. At excessive temperatures , oil will burn, and the prod- 
ucts of its combustion clog the wearing surfaces. control of the oil system is 
complished by pressure gages and oil thermometers. 


,. Maintain the temperature of the cylinders and pistons within the allowable 


* 


Limits. 


During combustion of the fuel mixture the engine cylinders are strongly heated; 
to avoid overneating, cooling is used. Depending on the method of dissipating the 
heat, aircraft engines are conventionally divided into air-cooled and Liguid-cooled 
engines. In air-cooled engines, the temperature 43 checked by means of a cylinder- 
head thermometer while in Liguid-cooled engines, eoolant thermometers are usede 

Hot only overheating put also overcooling of the cylinders 4s dangerous for 
engines, since sn this case the rate of combustion of fuel-air mixture is reduced. 
An engine can lose its pickup, 4 eGo, its ability to shift rapidly from one regune 
of operation to another. The loss of pickup is particularly dangerous in Landing 


when, in some cases, the propeller rpm must be rapidly increased to prevent loss of 


air speed. 
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fo maintain the necessary pickup, the gasoline must be evaporated at a suffi- 


ejent rate in the carburetor. she rate of evaporation depends on the temperature of 
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the carburetor, which 1s indicated by the carburetor thermometer - 
5. Know the speed of the engine shaft. This value is measured by the tachome- 


tere 


. The instrument indicating the composition of the fuel mixture 43 of great i= 


portance tn the operation. However, attempts to desir snstruments of this type 
nave not yet given the desired result. 


The gas analyzers used for this purpese allow the composition of the fuel mix 


to be determined from the compostion of the exhaust fa5- The considerable €r 


snherent in this instrument interfere with iis widespread application. 


The operation of engines is based on Lhe reactive action of the jet of 
gases formed by the combustion of fuel and expelled through 4 channel of srall cross 
oe 7 | 3 section having the form of a nozzle. For the combustion of Mael in jet engines at- 
mospheric oxygen ig used (air-let engines) or special oxidizers (liguid- jet engine). 
Tho performanc f a jet engine is characterized by the rate of revolution or 
the turbine, the tamperature of the gases in the jet nozzle, the temperature and 
pressure of the fuel and oil, the consumption of fuel and oxidizer, the temperature 
in front of the Espns the Hach number at the entrance to the compressors the 
saitaeais pressure, atce These are the same parameters that are measured in the opera- 
tion of piston engines, but the limits of measurements of many of these quantities 
are considerably wider for a jet engine. Since the instruments for controlling the 
operation of a jet engine are designed with allowance for the peculiar features of 
operation and for the range of operation, the possibility of using instruments 
pased on completely different principles, not used in control eet amentator pis- 


ton engines, 18 not excluded. 


The 4nstruments used to control the operation of a turboprop engine (TPE) are 
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analogous to the instruments used for Jet engines. 


instruments and Automatic Devices for the Power Plant 
For reliable and economic operation of an aircraft power plant as well as for 
obtaining maximum thrust or power, it is necessary to provide under all conditions 
of flisht, the most advantageous Sonne of operation of the power plant and to cor- 
stantly check its operation by means of control instrument and sivonietc refulating 
processes. 


“~. 


To facilitate the work of the crew during flisht every effort is rade te use 


Ra 


~ 


autoratic equipment. The control instruments for operation, of a power plant are 
subdivided into the following groups: 


a a? 


1. Instruments whose readings characterize the thermal rerime and condition of 
the engine lubricant: the oil thermometer, coolant (or cylinder- 
the working-gas thermometers (for fet engines) and the oil rressu 


“ 


2» Instruments indicating the power or thrust developed by an ai 
vacuum gages, manometers, tachometers, thermometers, and sas analyzers. 

3. Instruments indicating the fuel reserve and fuel consumption and the oil 
reserve: fuel gages, flowmeters, oil 

The automatic regulators of the regime of operation of aircraft engines include 
the following: 

1. Automatic engine speed control. 

2. Automatic coolant and oil-temperature controls and automatic cylinder-head 
temperature controls. 

3. Automatic switches for supercharger speed. 

le Automatic boost pressure controls, etc. 

Section 2. AIRCRAFT FLIGHT AND PILOTING INSTRUMENTS. 


The Navigational Regime of Flight. 


Every flight is connected with the fulfillment of an assignment defined by the 
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navigational regime of flight, j.e. speed, altitude, and direction, 


To maintain the regime of flight the pilot must continuously maintain the equi- 
librium of the aircraft in the air and check its position with respect to the ground. 


These tasks are performed by the aid of instruments. The instruments control- 
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ling the operation of the power plant allow the necessary performance of the oe 
craft engine to be selected and maintained. 

The piloting-navigation instruments make it possible to determine the position 
of the aircraft and its speed. According to the weather conditions, the pilot es- 
tablishes and maintains the required navigational regime of flight by the aid of 
one or the other group of instruments. 

Various causes, cor example, gusts, variation in thrust of the propellers < 
other causes, may change the position of equilibrium or cause a deviation from 
selected course. Yor this reason the aircraft crew must be continuously able 
check the position of the aircraft in space and to restore it to the required 
tude. 

A deviation of the aircraft may occur with respect to the xx, yy, and 22 
(Fig.la). | 

Two systems of coordinate axes are differentiated: The moveable system, in 
variably connected with the aircraft coordinate syste: Oxyz, with the initial coor 
dinate in the center of cravity of the aircraft, is called the bound system of co- 
ordinates, while the xx, yy; and 22 axes are called the principal axes of. 

The equilibrium of the aircraft with respect to tne xx axis is called trans- 
verse equilibrium and with respect to the zz axis, longitudinal equilibriun. 

The longitudinal axis Ox, parallel to a wing chord, is directed forward and 

lies in the plane of symmetry of the aircraft. 

The normal axis Oy perpendicular to the axis Ox, lies in the plane of symmetry 

of the aircraft. During horizontal flight of the aircraft, this axis is directed 


| upward. | 





STAT 














Ml Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7. 


Pe 


ee : ‘ neo ; ae aE eae are Tae Ce a i. 


The transverse axis Oz is perpendicular to the plane of symmetry of the air 


jSettatang AN 


craft (positive yalues are measured on the side of the right wing). The planes of 


ten YS, 


ee EN & 


the coordinates in the bound axes have the following designations: 
: the plane of symmetry of the aircraft; 


+ 


the plane of the wings, or the principal plane; 
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the transverse plane. 
The axes (Fig.l, b) fixed relative to the 
zround (the so-called ¢round axes) are se- 
lected in the ! owing way: the axis C,373_ 
is directed vertically upward from below. 
The axes C,%, and 0Q,2, are lecated arbi- 
trarily in a horizontal plane and include 
an angle of 90°. The origin of coordinate 
is selected arbitrarily. 

The position of the fixed axes with 
respect to the fround axes, and consequent- 
ly also the position of the aircraft with 
respect to the ground, is determined by the 
angles ¢, y, and k (FPig.2). The angle @ 
between the xx axis and the plane of the 

Pig.l. Coordinate Axes of aircraft 
horizon is called the angie of pitch. . The 
a- Oxyz system fixed relative to 
angle y of the rotation of the aircraft 
the aircraft; b- 0,x,y,2, system 


with respect to its longitudinal axis is 


fixed relative to the ground; 
called the angle of bank. The angle k be- 
l- Rudder; 2- Elevator; 3~- Ailerons 
: tween the plane of symmetry of the air- 
L- Stabilizer; 5- Fin. 
craft and the meridian (the line of inter- 


section between the plane of the horizon and the plane of the geographical meridian ) 


is called the true course of the aircraft. The anrle k is measured from the air 





STAT 











BEERS RE SH TALES OD ES ENTS RTE ENN Leta CO Mey eh SHE re ml na te RR 2 Hoa 





SR : fae nee ca ree ‘ 


e mn os 


ee i Ne a em ee a ek nee ee et ee ie ee 
Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7 J 


ee 





aa a 


R001200 


meridian. 
If, as the initial direction, the magnetic rather than the reographic meridian 


ds used, the course is known as the magnetic course instead of the true course. 
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Fig. 2. Angles Characterizing the Position of the aircraft witn hespect 
to the Ground 


@, Angle of pitch; y, Angle of bank: k, Aircraft course. 


fhe longitudinal equilibriun of the aircraft depends on the angle of pitch, 
since this angle varies with any variation in the angle of attack of the aircraft 
(Fige3) which, in turn, produces changes in the aerodynamic characteristics of the 
aircraft. 

The angle between the direction of the projection of the velocity vector onto 


the plane of synmetry of the aircraft and the wing chord is called the angle of 
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abtack. As the ane chord we take either a line tangent to the lower surface 


ang SRRREE ND Re ET = aR 


wing profile (tangent chord), or 4 line connecting the nose and tail of the profile 


we ae 


(internal chord). The wing profiles and their chords that are most common at the 
present time are shown in Figed. 
as already indicated, the angle of attack a affects the aerodynamic character~ 


istics of the aircraft, i.e., the lift 7 and the drag © (Fig.5) 


s ye 
72 


where S ig the lifting surface of a. wing in m°; 
. a. listens ig’ es keh s 
$3 the density of the air in «g sec /& , 


the aircraft speed in m/sec; 
“ Lee 
~ angle of attace; ss 
: : ey the coefficient of lift 
Y- ¥ ity vector of the ai 
{- Yelocity vector = : 
cy the coefficient o: drage 


attack incr th ficient of lift c, increases and 
When the angle of attack increases, ene coefficien a y | 
5 2 k which is called 
3 : Lue % certain val f the angle of attack which is 
reaches its maximum value at a certain va.ue © ne angi 


nin, Ww 


$2 “A 
iti Lg rther increase of the angie of attack leads to a 
the critical angle (Fis-6). ther increase of nE 


- 4 5 e £343 4 aa 
sharp decrease in Cy and the 13 ng fox One of the conditions of equii2orius 


Yieer 


. t - oe * 
i ‘ 1107 and uniform flight is the equalcry oO: 
of an aircraft in horizontal, rectilinear, and unifo mb 2s 


r ireraft G and 3 fting £ : 
the wedght of the aircraft 6 and its lifting force Y 


CySp¥ 


2G 


Bary Gs) 


the greater the value the smaller the speed necessary to naintain 
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~ horizontal flight. Consequently, depending on the value of the speed V, an aircraft 


will perferm a rectilinear horizontal flight at different angles of attack. 


The angle of attack, to a considerable extent, determines the speed necessary 


eR Ace Recent eh AE Rr peo) Ries 


cate RUE 


Figs he Typical Wing Profiles. Fig. 5. Aerodynamic Forces Acting on the 
ab- Wing chords | | Wing 
| i= Total aerodynamic force; Y- Lirt- 
ing force; 3- Drag. 
for maintenance of horizontal flight. Obviously, this is true also for any other 
regime of flight. To each regime of flight there correspords a definite minimum 
| value of the flying speed Y at which the 
aircraft is still able to maintain equili- 
brium and maintain the assigned regime. 
Thus, it is necessary to know the 


aircraft speed VY not only to calculate the 


-m 2p ab ee (> 2 = @ 
* 


time of flight, but also to maintain the. 
longitudinal equilibrium of the aircraft, 
which depends to a considerable extent on 


- Fig.6. Relation Between the Angle of 


8 the angle of attack. 
Attack and the Coefficient of 


Lift Cys | Instruments Indicating the Regime of Flight 
| | | The aircraft speed is judged from the 
readings of the speed indicator. This instrument indicates the so-called air speed 
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“dee, the speed of the aircraft with respect to the air. As will ‘be pointed out ja- 


scar Lave eR ER SMCS Loge tne Mate: 


ter, this sane instrument indirectly makes it possible to judge the longitudinal ee 


quilibriun of the aircraft and, consequently, the value of the angle of attack. The 


sek gh fe dae A OTN ae a IE 


flight altitude is indicated by the altimeter and the rate of ascent or descent by. 
| - the climb indicator. | | 
The course os the hircraft is controlled by means of compasses and the turn. in- 
dicator. The latter indicates the seebence: 
of deviations of the aircraft from recti- 
linear Slight, i.¢€-, indicates changes in 
course. The lateral equilibrium of the 
aircraft ¢ depends on aang of bank. In 
rectilinear flignt, panking causes al 
slipping (Fig-7)-« 


= a eee In curvilinear flight (Fir.8), for ex- 
Fig.7 - Rectilinear Flight z ; EA (Fic-8), 


" 4 4 5 ° a 3 
a - Without bank; > - with bank: ample in turning» Snertia forces* may cause 


c - Angle of absolute bank. wing-over and slipping. If wher the air 
craft executes a turn, the resultant of the 
gravity and centrifugal forces, directed 
along the apparent vertical, coincides with a straight line perpendicular to the 
plane of the wings (cf .Fige7 pb), then a correct turn is being made. However, if 
the apparent wartical deviates from this straight line, there will be an outside or 
inside sideslip. Se | | | 
The lateral equilibrium of the airplane is checked by means of the bank indi¢a~ 
tor. c | | | - | | 
The direction of flight ate determined either from visible landmarks or by 


" means of various compasses, or from airborne radio instruments. During the flight, 


a enmmnememmnnnel 


* In turning, the aircraft is subject to centripetal accelerations. In this 


case the centrifugal forces of inertia will act on the aircraft. 
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the crew of the aircraft ig constantly using instruments and estimating the position 


of the aircraft from their readings. 


~The quieting aircraft instruments are particularly important in flight without 


tmpo 
visible external landmarks, when the human organism is subject to the action of 
inertia forces, and the pilot easily loses track of the actual position of the air- 
craft in space. In this case the imperfection of the human orrans of equilibrium, 
is revealed. if, for example, the aircraft is "lying without visible external land- 
marks at a velocity Y and makes an ierapurak vert turn with radius r and an angu= 


lar velocity of turnw, then the centrifugal force F that forces the pilot toward 


. p sae oe wetess peste FSIS OA SN LOU TSOP REN TE a 
eng tte EAGER SEALE HOP STDS L ARSE SIE ENE ESI PI REE ISTE SOL LEE NS ITE OI . vies ae 


the right side of the ship is determined by the equation F = mVt/r = m¥q where m is 


the mass of the pilot. 


Fig.8 - Aircraft Turn 


a - regular left turn; b - left turn with sides lip; r - radius of turn; w - an- 


gular velocity of turn; y - angle of absolute bank: Yo ~ angle between ann rent 


and true verticals 1, = Y= Yo ~ angle of relative bank. 


Since the erint does not feel the turn and believes brat the aircraft is in 


4 
4 
I 

| 
a 
io 
&. 


rectilinear flight he ‘reaches. the conclusion that the airenare is banking *o the 


right, and that it is peeeeenry: to straighten it out; in this case he will straight- 
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en it out not with respect to the true vertical, but to the apparent vertical 


(Pigs8b). As cs to the ieft and goes into a regular turn 


(Fig.9). The power necessary EOE the turn exceeds the power necessary for rectt= 


Linear flight, and therefore the aireraf t begins to lose speed. If the aircraft has 
38 turn-and=bank indicator on board, the pilot will immediately discover the / change 


from rectilinear flight to a regular or irregular turn and will know how to restore 


the. aircraft to the required attitude with respect to the ¢ ground. 


The compass, altimeter, climb indicator, speed paddies eek indicator, and 


* x . . $ ' : : BE 


turn indicator allow the pilot to judge by indirect methods the position of the air- 


carft with respect to the ground. The bank is determined from the bank-and-turn 


indicator while the pitch is determined from the speed indicator and the climb in- 


SNE ATR eed Re et ee pnd ES ES 


dicator. 


If, at constant aircraft speed, the vertical speed changes, then the angie of 


attack and the angle of pitch of the airplane also change. 


But the indirect method of determining the position of the aircraft considera- 


bly complicates piloting and places an excessive nervous strain on the pilot. In 


addition, the speed indicator and variometer as indicators of the longitudinal posi- 


hy 


tion of the aircraft give readings with considerable lag, while the readings of the 


magnetic compass are unstable under bumpy flight conditions. For this reason, in- 


struments free from the above faults were designed which make it possible directly 
and eouunatety to determine the angles of longituds al and lateral deviation and 
-the course of the aircraft. | 

| | Such instruments are the gyroscopic instruments installed at the present time 
on all airoraft. The ey include the gyro-horizon, the directional gyro, the eae 


netic compass, etc. The work of the pilot on an aircraft equipped with these in- 


esgeen penicnentaey crane IH SACRED IIR RIN emtenROEI OMe none 8 


- struments, in flight without visible landmarks is reduced to the observation of. the 


instruments and control of the aircraft eudacns, This is anely sethantéal, monot~ 


or but very ‘fatiguing work.” 
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On an airoratt equipped with an automatic pilot, the pilot 


burdened. and his work becomes less fatiguing. But the simplest autopilot can be used . 
only in rectilinear uniform horizontal flight: the more panne so-called program 
autopilots, which control take-off, land- 
ing, or maneuvers of the aircraft, are in~ 
stalled only on special aircraft. 
The 1 maneuver aircraft connected with 
a change of its apeed in magnitude and di- 
rection is called iain, They in- 


clude: turning, diving, stunt flying, etc. 


é - . ' Sor iti ana sad nd NG TOE a 
ben AE Ne REUNITED 4 BREE PNM ORTON ASANTE he Becht ane He RRL a Set EIT A ee : ¢ 
, . : : : 2 2 


In evolutions, the sapere ee moves with 
accelerations varying in magnitude and 
direction, and consequently the forces of 
inertia act both on it and on the airborne 
instruments. The concept of overload is 
ordinarily used to characterize these 


forces. 
Overload (indicated by the symbol n) 


is the ratio of the resultant acceleration 


Fig.9 - Aircraft Turns ; 4 with which an aircraft is moving to the 
> 


a- Without bank; b and e - | _ acceleration of pravity g. 
With | bank by an angle- a oe 
n oe | £1.4) 


High’ overloads can have a disastrous effect on the organism of. the crew, on 


“the aircraft, and on the instruments. The degree of overload is checked by ‘the 


acceleroneter. 
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Section "s 


we! 


ATRCRAPT NAVIGATION 


‘The work of the crew in flying the assigned route and reaching its objective 


is called aircraft navigation. Om light aircraft designed for short trips this work 


is performed by t pilot. On medium ‘Ty over considerable 


distances, a single person cannot do all the work; for this peasen the pilot does 


the piloting aireraft while the. naviga tor handles its orientation, In many 


Lashect wry np menintage nb Meni IAI SDSL AB ESEA LNT ESE PUERTO AIRES LE IEE BOOS ARE TOSS ELIT tein, 


cases the crew of an aircraft numbers 10 and more and includes several pilots, navi- 


gators, a board sheeelen: a radio operator, etc. 


Methods of Orienting an Aircraft 

For orienting an aircraft in the air the following methods are used: 

a» The method of visual orientation, i.e., comparison of visible landmarks 
(railroads, bridges, etc.) with the map on board the aircraft. Such orientation is 
possible only when ground visibility is good. 

ob. Astronomical orientation reduced to the calculation of the position from 
angles measured between the directions to selected heavenly bodies and the plan 
of the horizon, allowing for the time of observation. Such orientation, which can 


be effected only if the visibility of the heavenly bodies is gocd, is verformed by 


means of special optical peers for example, a sextant, optical sight, etc. 
Cc. Radio Oneenetton reduced to the determination of the position of the 
aircraft from the directions to ground radio stations or the distances: to then, as 


measured in flight. The. method requires the existence of one or more ground radio 


stations whose position is known and is carried out with the aid of special radio 
instruments: radio COMPASS radio direction finder, etc. 


“Various methods of determining the position of the aircraft by means "Be radio 
methods are RINT: One of. these will be disedased below. 


"By using the readings of the radio compass (or other radi > instruments) it is 
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easy to find the angle a of the ground transmitter between the direction of flight 
to the radio station and the longitudinal axis of the aircraft. Knowing the course 


of the aircraft k (for example, from the readings of the magnetic compass), the 


true radio bearing of the aireraft 9 = k + a can be found. By connecting all points 


on the earth's surface at which the true radio bearing has a certain value, we 


‘obtain a line of possible aireraft positions (position line), but still not its 


actual position. | 


fl PREETI ER PLN EER ILAD EIN OO IO eee - En 


By determining the value of the true radio bearing for two ground transmitters 
whose position is known, we obtain two position lines. The point of intersection 


of these position lines on. the map will correspond to the position of the aircraft. 


With such a method of orientation no radio transmitter with ea directed emission 


is required. 


fany methods of radio orientation require a directive transmission. The pro- 


cess of introducing radio engineering systems into the group of instrument equirment 
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Fige10 - Determination of the Position of an Aircraft. 
_@ ~ Geographical coordinates; 9, latitudes; A, long- 


itude; b, orthodromes ond loxodromcs 


of aircraft has still not been completed. There is no doubt that in the 
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“the introduction. ot edie navigation instruments does not exclude 


. Such a flight, the course of the aircr 


these systems will acquire even greater importance, But it must be remembered that 


the use of instru= 


ments operating on other. Perce e? (maohanteat altineters, gyrocompasses, astron- 


: comical compasses, otc.) 


This is explained in the first sats by the ey of ‘failure of the aircraft 


radio equipment due to antentersiice by exeund radio stations, and, in the Becone. 


ptacrs by the danger of being detected. 


The operation of airborne radio equipment may reveal the aircraft and allow 
its approach to be detected sometimes at very great distances.. 


d. The method of calculating the course, in which the position of the aircraft 


is determined by calculating the value and direction of the segments of the course 


already traveled by the aircraft from the take-off point. Under the conditions of 


actual flight the aircraft flies along a certain curve connecting the initial and 


final points of the route, i.e., both the longitude and the latitude of the place 


vary during the time of flight (Fig.10a). In erder to have the shortest possible 


route, the aircraft must fly along the arc of the great circle between the initial 


and final points of the flight course, called the “orthodrome", (Fig.10b). During 


rt varies continuously, since the orthodrome 


intersects the meridians at different Sree’ This change of course is inconvenient 


in operations: but on long-distance flights, such maneuvers result in a warned 


shortening of the route and thus in a saving of fuel and time. 


An erenocr one is divided into a series of Segnents within which the curvilinear 


segments inbersectine the meridians at different angles By» Bas Pos etc. are re- 


placed by segments each of which intersects the meridians it meets at one and the 


same angle 8. 


‘The curve 30 obtained is called a loxodrome. The flight route is protted in 


: advances ¥ne scopoued flight path is divided into separate sections in such a way 


that, within the limits of each section, the direction of flight remains the same. 
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If, during the flight, the speed and time corresponding te each section are measured, 


then the true distances traveled by the aircraft can be found and these distances 
plotted oy the corresponding scale on the map; in this way, the coordinates of the 


aircraft at a given moment can be determined. The method of route calculation is 


ics Ls RTE AE ERS DORSET TEE, 


‘ 
gna topsen aE nA BS Set RA LORIE EDTA 


inconvenient in that it requires: a very accurate determination of the course, speed, 


altitude, and time of flight. 


Air-Navigation Control Instruments 


spree 


It is commonly known that to measure the course of an aircraft it ils necessary 


to know some fixed direction with respect to the ground, from which the calculation 


is made. This. direction may be the georraphic meridia magnetic meridian, etc. 


preg Nn Zao Upnineicere ater ante Fon CHEE he EET CRN: 


The course reckoned from the magnetic meridian is called the magnetic course; 


wee Saasen te nbe: 


reckoned from the geographic meridian, it is called the true course, while the angle 


between the geographic meridian and the direction of flirht (course), measured 


clockwise from the northern direction of the meridian is called the true cour 


urs 


angle (like the course, this angle may be either true or magnetic). Usually the 


course and the longitudinal axis of the aircraft do not coincide, since the speed 


of the aircraft with respect to the ground (the ground speed) is the geometric sum 


of two speeds, the speed of the aircraft th respect to the air (the daenpeed) 


and the speed of the air with respect to the pind (he wind sapena) (The true 


course ang2e does not coincide with the. true course of the aircraft and is equal 
to the sum of the true course of the aircraft and the angle of drift i Le@e, the 

. 3 €a reraft and the course, the angle of 
‘drift due to the wind £, and the aerodynamic drift v,, (which arises, for example, 


as a result of the unequal thrust of the. propellers in multi-engine aircraft). 


PER RTM hc rvcnchur he RETNA OMIA a Begg Ea Ratatat @ he sme atnd A TAR Fm etd 4 ot 


- These existing methods of ee the angle of drift give the total angle of 


drift ¥ Wy, . we and for this reason practical aerodynamic drift is not sepabate. 


ly considered. The angle of drift is measured ‘by the aid of special instruments, 


for example, navigation sights, etc. In determining it it is necessary to know 
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exactly the altatds and duration of Plight. . The angle of drift is considered posi- 
tive if the coiroraft, deviates toward the right. - | 
‘The course of the aircraft is determined by the aid of compasses. 


It is more ‘difficult to determine the speed of ‘the aircraft than its ‘course. 


ar ack qo) Se te Bade ee ee Sater abe aa j 
space tsts O28 AERLEN TESS A ELIA REL LL IEE 


‘the dead reckoning method requires the knowledge of the aircraft speed ee respect 


to the ground, Lee, the ground speed. 


Until now, no instruments indicating 


OPER AEN ASPEN EERE BF to CHER 


the ground speed of the aircraft have. 
been designed. | 

Manometric speed indicators, widely 
used in actual operation, indicate the 


airspeed of the aircraft or in the best 


ee peat emt i BA AUDEN SS AAAS LOSES TEE 


case, the true air speed. A true air 
speed indicator allows for the 30~called © 
methodological aerer of the instrument, 
which is manifested as a result of the 


Fig.ll - The Navigational Velocity 


variation in density of the air with 
Triangle 


. height, while the air speed indicator 
Y - Air speed; U -— Wind ape Wo- 


does not allow for this error. 
| Ground speed; k - Course of aircraft; 


The Lack of an instrument indicating 
ae - Direction of wana: v ~ Drift of | | 


the ground speed makes it necessary to 
aircraft; # - ‘Course angle | | | : — 
Ms determine the value of this speed by nav- 
a “igatdon instruments. The ground speed may be determined with a navigation sight,. 
“ observing the rate of displacement o of landmarks on the ground. In this case, the 


> altitude | must be knowns 


The magnitude and direction on of the ground speed may also be found by construc~ 


a Bo IRS dase Meta ee eR Cte Mien Pots Rina aid TE Mes ene ninkd SOO ELMER PERTH A LE te Sob vee 


ting a navigational velocity triangle (Figell). 


1 
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The Navigational Velocity Triangle 


One ‘side of the navigational velocity triangle is the vector of air speed of. 


the aircraft ¥, another side is the vector of wind speed U, while the third side 
representing the sum of these two vectors gives the vector of ground speed of the 


aircraft We V + U, The magnitude of the air speed of the aircraft is taken from 


cog seb the ces FBS de BEER ee PS oa te, ten Puen eee 
sian PALE AH PREIS TELEPORT IY IED IES TEEN Sr 


the readings of the true airspeed indicator or of the air speed indicator corrected 
sithean air-navigation slide rule, making it possible to allow for the methodologi- 
kes error of the instrument. The wind-speed vector may be determined by the navi- 

gation sight using any one of several methods, for example, measurement eens wind 

from two angles of drift. it must be remembered that, in determining the angles 


of drift, the pilot is obliged to hold the assigned course and keep altitudes and 


speed constant. 


The magnitude and direction of the 
wind are determined in the following wav: 
Selecting some landmark on the ground and 
observing it for a definite time interval, 
the value of the angle of drift is deter- 
mined, i.e., the direction of the course 


is found. 
The same is done by changing the 


: 2: -.* | course of the aircraft by 40-509, thus 
Fig.l2 - Determination of the Wind ee 7 
8 Se : obtaining a new flight line of the air- 
Vector WU | 


7 | 2 , 3 8 craft. On plotting the flight line on 
es ky and kK, aircraft courses; ¥r¥%> an- e : 
. the map the wind-speed vector is obtained 


gles of drift on courses ky and Ko, 


_ respectively | 
. In determining the wind vector, the 


navigator of the aircraft does not make the above-mentioned constructions on the map 





‘but uses a wind triangle instead, which allows him very rapidly and accurately to- 
a : | STAT 
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= ‘perform hase constructions. 

As already mentioned, the wind triangle was ‘proposed by A.M, Giuravehenke at 
the Gpeunning of this Century and up to now has been. widely used in aviation to 
obtain ‘rapid and accurate. solution of problems by the aid of the navigational tri- 
angle of speeds, thus: “making it possible to determine the speed and direction of the 

wind, the course speed, the angle of drift, the course angle, etc. 1.e., to find 
| the unknown elements of the velocity triangle. | 

When the ground is invisible, and when the use of opts cal sights is impossible, 
the course angle is determined by solving the navigational triangle. The course 
angle, the angle of drift, etc. are determined py calculation if the direction ane 
speed of the wind are unknown (for example, from data obtained from the ground sta- 


tions). 


The Calculated Position of the Aircraft 
The aireraft crew at every moment of time must know the position of the air- 
snakes This position is determined in terms of geographical Longitude and latitude. 
‘the longitude is reckoned from the Greenwich meridian, to the west of it the western 
Longitude » w? and to the east of it the eastern longitude \ ,- The latitude is 
reckoned from the equator (north. and south latitude Pp» 2 as During flight along 


the meridian only the latitude changes by the value 


360 
9 745, oR 


where OS, is the path traveled by the aircraft along the meridian; and 


R is the radius of the earth. 


‘During flight along a pore line, only the longitude changes by the value 


ar =55 360 as — 
p Qnr P 2KR cos @ 


where bs is the path traveled by the aircraft along the parallel; 


r is the radius of a cizate of § the given parallel r=R cos @ 
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u 


R ia the radius of the earth; 


g is the latitude of the given parallel. 


In flight along an arbitrary trajectory the coordinates of the aircraft are 


pontimally changing. | | 
a“ ber ts denote the latitude and longitude of the take-off point bY %Q and doi 
| | current values of these coordinates by ¢ 
and AS the true course of cite aircraft 


by ky the direction of the wind by o.; the 


wind speed by U; the time of Plight by t; 


component of the course velocity along 


fan ate Ow & 


meridian by Ww 


. 
yn, F 
eb 


and the component of | 
, ee snes Vsies demas sat wd/ ste oo ‘ . * ’ 
= . course speed along the parallel by w 
(MR tore nes samen Wi7 8 mer nae nei : , : ‘ . DB 


Then we may write 
Fig.13 - Determination of the Calculated 


hy, = ¥o cos xk + U cos @,, 
Position of the Aircraft fs 


Wl = V sink + U sing, 
V - Airspeed; W - Ground speed; ; 


U ~ Wind speed; k - Course of air- For an infinitesimal interval of 


eraft:@  - direction of wind time dt, the aircraft is displaced along 


the meridian or the parallel by the re- 


- spective values d5,, and aso which may be found from the equations 


dS = Ryd 


aes 1 . 
es vo 


In this case the coordinates of the aircraft vary in the following manner: 


‘de = @ ds, = an cos k-+ Ucos 9,) dt, 

















an 
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d= 3 1S Vy sink -{- Usitt eaddt. 


2nR 008 LT 
After integration shee eaten with respect to time we find 


360 


Eee 2k 


(V cos k-+ Ucos »,) dt. — 


5 | f | | | 
eas V sink +U sit ta gy. (1.6) 


360 
22R cus 
0 ; 


Dur ing the time of flight, the navigator periodically determines the coordin- 
ates of the aircraft. This task is considerably simplified if there is 4 navigation- 
ad coordinator on board the aircraft. This is an instrument wrich automatically 
solves the above equations and gives the yalues of \ and @ or an automatic navigator 


which solves the problem more fully and plots the entire course. of the 


the mAs 


ae 


Navigational and Piloting Instruments 


For the purposes of piloting and aircraft running, the following instruments 


are used: 


‘ 
4 
«A 
| 


le speed indicators; 
Compasses; | 
Altimeters; 
Rate af clin indicators; 
Gyro horizons; 
Bank indicators; 
Turn eccatore: 
Navigation coordinators; 


Mach-number indicator; 
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can , Sea 
‘@ ’ e ‘ 
CY 


ies tin ache asin OSA Dadian 


10. Accelerometers. 


! 


In. addition, . in bie majority of cases an autonatic pilot 43 installed on the 


aircraft. 


To assure reliability, many’ instrument are paired, for + example, in addition to 


othe magnetic compass a 1 directional ByFO, a remote reading compass or a remote indi- 


whepes asp ap ta ny ta 
feicarttne Ce eatin Pets : : 
pte! , wea : 
fee Sa : fey eget ee 
Pa a os : Poach, 
ge Ea og 
4 a, 
. $ 
‘ 
| 
: { 
t 
: . 
a Z 


oot 
4 
t 

i 

i 

i 
4 
: 

t 
| 
," 
; 

i 

; 

i 

t 


y 


ae my 20 


with thie magnetic compass. 


Fig.l, - Instrument Boarc of an Aircraft 
2 “ ~ + ~ > - 
The in nstrument board of an aircraft with instruments arranged so that the crew 


f s Qs : } 
ean conveniently observe their readings, 4s shown in Fig.l. 


The central part of the instrument panel is occupied by the main piloting and 


navigation instruments? the speed indicator, turn indicator, and bank indicator, 


altimeter, rate of climb indicator, compass es, TO horizon, and clock. Since the 


— dnstrument boards are set up in the zone of direct observation of the pilot, any 
2S iiranse in their dimensions would unavoidably lead to impairing the view. To 


penny free view, the instruments are compactly arranged, their outside dimensions: 


“are reduced, conbination instruments. are used, and finally the bee asia dosten of 


the instrument boards is warefitly selected. 





23. 
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i 


 ginee Pane ere cnbeue doeeted at pointe: of the aircraft where the 
effect of vibrations agree y co eidanavie, while the instruments on these panels 
See hupnay sausicive to vibrations, a shock absorption for instrument panels is 
= oaided: oan | ; | 

In individual cases, in addition to the instrument panel, individual shock 


- absorbing must be provided for some instruments, such as compasses. 


: 
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CHAPTER i 


BASIC REQUIREMENTS FOR AIRORAFT EQ CIPMENT | 


The development of meer aviation, the eennion and complication of the ieene 
, lems to be solved by aircra! rt crews in flight, require an increase in the number of 
“aircraft equizment items installed on the aircraft. “he number of objects in the | 
‘aireraft cabin requiring the attention of the aireraft crew is in the tens or even 
in the ale ome inatrunents s require the nerformance of complex. calculations, . 
the use of special tables, etc. (For ene radio equipment and means for astron-. 
omic aircraft payegation)s 
All aireraft equipment, including the instruments, is intended for one per fora 
“ance of various tasks under the specific condit tions of e flicht, and must satisfy the 
‘go-called tactical-technical requirements resulting from these problems and condi- 
tions. 
ALL tactical-technical requirements ¢can be divided into functional, operation- 


al, physical-technical, assembly, e%c. 


Section l. 
TACTICAL-TECHNICAL REQUIREMENT 
Each instrument mst satisfy its purpose, for ex mple, measuring instruments 
must measure definite physical values with the nsceseaty accuracy, drives must de- 
“velop the necessary forces and moments, panto equipment rust operate in a definite 
|. Erequency range, etc. | 
, Whether aircraft ‘dnetruments answer their purpose i is determined _ the nominal 
“= values characteristic. for their shysical-technical quantities and indexes, Leeey 
“ste rated characteristics (nominal) and by the allowable deviations from these | 


| ~ characteristics. 


pmtahane eee AR mine tatenae! 


The rated characteristic of any technical installation is the quantity char- 
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an its paste technical paranoters corresponding to its intended function. 
For, example, the rated characteristic of @ radio: instrument includes the range of 
“frequencies of the electromagnetic oscillations that can be needy. “the rated charac- 
"teristic of electrical instruments seauaes’ the value of the voltage, current, etc. 


_ The selection of the rated characteristics must be done with great caution and care, 


Se 


EES LED EA ee tage Ny MRE De ee TAY eer acl SEEN RLAR AMC eur 7 


and the rated characteristics must satisfy the cua conditions of operation. 
“Otherwise See operation of a gh iven instrument and of the aircrai m units connected 
with it will give preat. difficulty, the quality of performance of ‘the missi on will 


be lowered, and are may even , be danger to the aircraft and crew. At ine game 


time, a selection of rated characteristics beyond the actual functional requirements 


may lead to complication of design, and to an ine rease in weight, dimensions, cost, 


PASE EEL ES 


ete. 
The allowable deviations from the nominal are 3 selected carefully, taking account 
of the service conditions. For example, it. is often required of an instrument that 
4 exhibit minimum deviation from the nominal over only a portion of one scale in- 


stead of over the entire scale. In this case, the remaining range of the scale 


may show somewhat higher reading errors. 


Section 2. 


PHYSICAL-TECHNICAL REQUIREMENTS 


‘ 

i 
‘ 
¢ 
| 
i 
i 
‘ 
i 
7 
4 
v 

% 

i 

i 


The physical-technical requirements to be met by aircraft instruments cover 
"normal Sper eu of the instruments under actual conditions of flight. aaj oree 


_ to oroperly neoeen aie manufacture an instrument and to be Bone to compare various 


SENN ALND NM LDRSLGH SST ORAOLISIATE™ A 


“designs of instrument and various methods or measurements ane on course, to select. 
th beat ones, and finally to sopanste the Anstrunents properly, it is necessary to | 

_ study the conditions under which the instruments operate, and also the regularities 

“to which these conditions are subject. It 4s above all necessary to familiarize 


oneselt with, the properties of the Pa CMOEENST SS 
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The Atmosphere and iis Properties 
The atmosphere surrounding the earth is divided into three layers: the tropo- 
Sphere, stratosphere, and the zone of rarefied .qases. Since at the present time 
- ‘flights are made mainly within the Viale of the troposphere, it is particularly 
‘important to know its characteristics. | | | = 
The lower layer of the atmosphere imnediately adjacent to the earth's surface, 


-is called the troposphere. The troposphere is characterized by extensive horizontal 


1 Veet SE oe ot ete DLAI PRIOR AE EA EERE COLA SILOAM ys be cb beetle Ser ei rane aes aii 2 aes 


and vertical air currents. The parameters of the troposphere, i.e., the tempera- 


ture, pressure, density, viscosity, etc. vary with height. The layer above which 


area reli Taa ll ENT 


the temperature remains constant is assumad to be the upper boundary of the atmo- 


sphere. Since the atmospheric conditions vary substantially according to the sea- 


\ 


son, weather, georraphic location, etc., while the instruments and aircraft must 


wen AYMAN EAR Span ir be taker ney ant te Ge cee tae Rel 


function in different seasons and at various ceographic points, it has been agreed. 
that in calculations, designs, and tests of airplanes and their equipment, a certain 
fictitious and conventional atmosphere with certain definite parameters, will be 
used. This atmosphere is known as the seundaed atmosphere (SA). The standard 


atmosphere gives an arbitrary law of variation in nressure p, temperature T, den- 


4 
| 


sity 9, y, etc, with the height, and also definite initial values of these quanti- 
ties, Doy Tos Pos Yo? chee corresponding to zero height. | | 
The altitude with a corresponding initial temperature T, = 27730 = 28e°c, 
initial pressure P, 2 760 mm: He, mass density 57 0,125 re ree gravimetric 
density Yo * 16225 ke/m? is accepted as the level of the earth's surface, oe 
zero altitude Hoe For the upper limit of the troposphere a height equal to. 
11,000 m has been assumed. | | | | 
Within the boundaries of the troposphere, the temperature varies according to 
‘the law a | | a 


(11.1) 
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where Ty ds the absolute venperature at the height Hs 


t is the ‘temperature gradient, crs the change in tenperature per eat 
height; 


t= 0.0065 Koda 


It is assumed, in the eee that the eee may vary within the 
range from - 60 to + 50°. 


Within the limits of the troposphere the pressure varies according to the law 


on . * a3 , ae "i ae i's, : i 2 : z “4 Q 
Bs ae tae tomsaees AEM YR EE ETI IEA LCL IE LA " . Sie Bee 
ase: dyna enh ARATE EAM EN EIGER S ALISA ERENT EEG LAA EOIERS aR GE ts ‘ f ee 


where Ps: is the pressure at the height H; 


eee 


R is the gas constant for air, equal to 29.27 n/°%C. 


By solving equation (J 142 ) for H, we find 


t, 
ik, f o 
tT Po 


le | 


Equation (II.2) is termed the standard barometric formula, while eq.(II.3) 
oqu ( | ’ 
aes ee the standard hypsometric formula. 


In the theory of aircraft instruments the so-called Laplace formula is some- 


times used. This has the form 


log —— 


ek 
H = 19,400 | l+- a 


mean Po 
273, 


In contrast to the standard formas, it is assumed in the epee of the 
"Laplace formula that the temperature does not vary with height and is equal to some. 
mean value eae ts + = where ty and ty are ‘the temperatures at zero height. and 
, vat height H, respectively. | a | 


The values for. the eee of the hesght H are eaoularea by the formulas, 
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(11.5) 

YH ss Yo C T. | 
ene m. « 316.5°C,. and the pressure 
the temperature fy) = see ; 

ding 11,000 m, the tom , ane 
For heights excee 


eres? by fue ae 


H- 11,000 


int i 


_ . RT 11,006 | (31.6) 
Pi oe | 


> 
( * 


stratosphere) - 


a 


air 3 meaning that 
It is assumed of the SA that the air is dry, 
n | ntain g ity of moisture, 
| j a Le vantity of mo. 
t. In reality, the air contains 4 large © y 
taken into account. cae 
Ww au % gs to leakage o- 
: hich he corrosion of the instrument parts, leads 
- vied ‘ons in the bends of pipelines, 
lectrical instruments, creates water cushions in 
rrent in electri | 
oa m n i w temperatures 
| finally, at low temp 
derably distorting tne instrument readings, and, vs 
‘eonsideradly ne 


i in ¥ ~ in 


ve _ ; : : 
to! 
. 


~ Section 3- 


OPERATIONAL REQUIREMENTS 


. 3 . 

















5 : aN 
Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81 -01043R001200220003- 7 


ity and convenient. control, and use sieiee pape 
this is accomplished | AS” follows: 
1. By rational ‘Location of the  inatrunents oF on the aircraft and on the instru- 
-ment panel. The instruments are grouped secpeine: to their purpose and are placed 
-in accordance with the requirements of a definite sequence of visual observations 
and manual operations. Tn placing the instruments, cross vaangn and, more important, 
~ paversed vision and motions must be avoided. 
| 2e Protective blocking, signalization, and gideoat ion. Even the most expedient 
“Yeoatlan of the equipment and control levers and the use of automatic blocking and 
signaling does not relieve. the crew member 8 of the need to follow the readings of 
certain instruments. — a reduction in the strain on the crew is achieved by shtonae., 
tion of the saute: | 
3, Clearness and sharpness of the readings. 
L. Convenience of approach, allowing periodic inspection, replacement of dam- 
aged instruments, etc. 
In calculating and operating instruments, it is necessary to remember the in- 


fluence of vibration, accelerations, and the like. 


Vibrations and Overloads 
Vibrations, inclinations, and overloads in the presence of unbalanced parts 
and units, may lead to eabenes'r errors $n the instruments. For this reason, indi- 
vidual. parts and units : as. ) well as the instrument as 4 whole are balanced. In | 
addition, special care is taken to told the possibility of coincidence of ie 


natural vibration frequency of an instrument with the: frequencies of forced vibra-- 


bons that deine on the ‘aircraft. 


ALL aircraft instruments are ‘tested for resistance to vibration, i.ee., for ab-- 


sence of: distortions in on instrument readings wu: under the influence of vibration, 
and for stability against vibration, by which we mean the trouble-free: operation 


of the instruments during a certain definite period under an assigned vibration. 
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The ) approximate values of ‘the vibrational overload ‘for various units of an air- 

erate are given in Table a, The instruments installed in the aerpespenllns slew 


of an aireraft are caloulated on the basis of this Table. 


Table 1. 


Maximum Vibrational Overloads of Various Aircraft Units 


‘Vane Be Unit | oe |. Vibrational Overload 
Aireraft engine © 
. Engine crane 
Fuselage. 
Non-shockproof instrument pane] | 7 fo, Naess 


Shockproof instrument panel — 0.6-1.5 


Dust 
For protection against dust which is raised in ie uenAaRe tetas during take- 
off or landing, careful hermetic sealing is provided for the ianecumeneet 
In addition, wherever necessary, special filters are installed (for example, 


in the bearings of gyroscopic instruments). 


a 
on 
: 
sath’ 
i 
L 
| 


section i. 
ASSEMBLY REQUIREMENTS 
The design of an aircraft and its equipment is. intended to meet certain flight 
Inissions. These must include the realization of the closest possible design connec-. 


tion, which is characterized in particular by the assembly requirenents, namely: the 


| 


SH cmiteide dimension and woight requirements, as welt as matching the obj ects and sys 


tems « of aircraft equa ymene with each other | and with the design parts of the Sehiade t 


os Hermetic closure has a considerably broader purpose than just protection from 
© dust, for example, it isolates the internal cavity of an instrument from moisture, 


isolates the instruments from the action of the atmosphere, etc. 





akcomtaear pats 
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as a whole (combination instruments, connection of the autopilot and the gyroscopic 


sight, etc.). 


The basic. csueaniy requirenent for aircraft instruments igs the requirement for 
minimum dimensions (still preserving convenience of use an reliability of operas 
tion). The total weight of airerAft equipment does not sreeed 5-8% of the gross 


weight. The established methods of calculations and design of aircraft instruments, | 


the properties of the materials used in these instruments, the requirement that 


reduction in the 


instruments be given minimum dimensions, inevitably leads to a 
strument weight. Hevertheless, the designers and technologists, in designing a4 


manufacturing aircraft ins truments, must also strive toward maximum reduction 


weight, while still preserving reliability and convenience of operation. 


In addition to the above requirements, the individual items of aircraft ecuip- 


- 


ment must also have the following features: 


\e 


Remote reading, i.e., the instruments must include a device with which their 


readings may be transmitted to an indicating system located at a place convenient 


for observation or plotting. For example, the readings of all instruments control- 


ling the rare the aireraft engine must be transmitted to the instrument 
f the : | 
course of the airplane, the air speed ete.) are of interest not only to the pilot: 
but also to other members: of the crew, and for this reason the values of these a 
- quantities must be- simultaneously indicated by instruments installed on the sasttae. 
| “ment panels of individual crew member $ for example, pilot and navigator), etc. 


The. remote connection dis designed to transmit the baste’ readings. -Since 
each avis ae the quantity to be measured mek correspond to a definite instrument 
reading, the distance sraneaieaten must agsure the unambiguous Seeresimiieae: of the 


--yalues at input and output. 


In the aircraft instrument building industry gested systems of transmission 


are used, operating on direct and alternating currents. The most widely gees are 
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"the potentionetric remote reading and the induction remote reading with all their 


“modi featdone (selsyns, magnesyns, etc). 


Safety from fire,. which is ensured by so designing ‘the instruments that they 


“cannot cause a fire under. any circumstance (this requirement is particularly inport- 


“ant for instrunents controlling the fuel-feed system of the engine). 


Many of the above requirements are, in most cases, common to all instruments 


* 


(for example, elimination of the effect of vibrations, resistance to humidity, etc.), 


“While others apply only to some types of instruments can euaie, Aaateiments 


placed in the cabi in do not have to be st treamlined, etc.). 
For ae reason the requirements to be met by aircraft instruments are custom- 
aril y¥ diviaea into general and special ee All aircraft instruments, with- 
out exception, must meet the general requirements, whil ! jal requirements 


take account of the specific nature of a given instr 


Section 5. 
GENERAL REQUIREMENTS FOR AIRCRAFT INSTRUMENT 
GEE TAY LIER ME AAU IAD fe Ue ie tO 
The general requirements are as follows: 


1. Dependability and accuracy in operation are the basic requirements, on which 


proper utilization of the flight characteristics of the aircraft and the safety 


flight depend to a considerable extent; 


~ 


26 Sonventenee. of operation, ae simplicity of bseriation: ease of handling, — 


simplicity of repair, installation, etc: 


3 Minimun out side dimensions, weight, and cost of the instruments, in accord- 


+ pnse: with the Standards; 


Ae Trouble~free operation of the instrunents: 
a) in the temperature range ‘fron ~ 60 to + 50°C; 


b) under vibrations with a frequency ranging from 20 to 80 cps, and with an - 


oe amplitude at which the Searisea ateene, 1.56 (this requirement refers to the in- 
ecient pointers); 
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a) 


Cc) under a humidity ranging from 0 to 100%. 


Section 6. . 
ERRORS AND CORRBOTTONS OF INSTRUMENTS | 

The errors and corrections are equal in absolute value, but have different 
signs. 

We will soll the difference between the true value of the measured quantity 
and the reading of the instrument the correction. Tn order to determine the true 
value of the measured quantity from the reading of an instrument, the correction 

“must ve algebraically added to the instrument reading. 
Ho instrument readings are free from. errors. According to ‘the causes responsi- 
ble, errors are divided into systemat tic and : acevaneatal 

systematic errors are errors caused by the method of measurement selected. 
These See as a result of using indirect methods of measurement in the 
aircraft iveteunent construction in the majority of cases, j.e., a method that does 
not measure the quantity of imnediate interest for the aircraft crew, but some other 

quantity functionally related to it. This is e xplained by the fact that we still 
have not learned to measure directly the majority of values subject to measurement. 
For example, if we desire to measure the altitude, we use 4 barometric altimeter or 
a peek? altimeter. in tne iT : of the altitude itself, the 
‘preasure at this alpivude 4s measured; in the second instrument, instead of the 
‘altitude, the time necessary for the passage of a signal sent from one aircraft to 
Ste ground and back to the aircraft, where this reflected signal is picked up by a 
receiving device, is measured. Both the pressure at the altitude in question and 


the time necessary for the passage of the signal transmitted by the radio altimeter 


depend not only on the altitude itself, put also on the state of the atmosphere, 


the season, etc. 


It is: impossible in the i of cases to allow for all the factors that 
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Q distort the ae of, the ) measured quantity; for this reason, the instrument readings © 


. Will necessarily include the error dependent on the method of measurement on which . 
~ the operation | of the instrument is based. In working out the costen of aircraft 
“instruments the selection. of- the maui of measucenent mast be approached with ex— 
treme care and great caution. It 46 necessary to consider the type of problems, 
“the given instrument, the function of the instrument , and its accuracy of operation 


under various “operating conditions, etc. Having selected a method of measurement 


it is then necessary to detect all causes that could be a source of systematic 


errors and as far 2s possible eliminate these errors in designing the pateunent: 


: : , a | . 
Since systematic errors are ‘due to th f measurement, it follows that 


these errors cannot be eliminated by careful preparation and calid ration of the 


-. instrument. 


ERS S| 


i 


ms eaesp ines og 7 re ee fy =~ ~ Rt 
F , See PETE ince tires PER BF ey Ge eet eR RR Ee NX ARNE oo cents eee hd 
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This, however, does not exclude the possibility of introducing into the design 
3 $ P . ey 


f the instrument special compensating devices to eliminate or reduce these error 


(for example, in the air speed indicator and the true air speed indicator). Errors 


that depend on the quality of manufacture of the instrument, the matericl used for 


_the parts and units, etc., are called instrument errors. 


These errors may be eliminated by improving the quality of manufacture and 


operation of the instrument. 


| 
i 

af 
i, 
% 
| 


Ensurin Reliability and Accuracy of the Readings 
AS already pointed out, the errors of aircraft instruments may be reduced 3 if, 


in designing, manufacture, and installation, the peculiar features of operation of 


| 7 
e 
of 
- f 
: oR 
(a. 8 
3 ar 
/ 
y 3 


the instruments in question are taken into account. 
Reliable operation of aircraft instruments under conditions of 
se parebitees and pressures is ensured by the following: 
: a) By placing the instruments away from the sources of heat on the aircraft. 


preferably in heated Benes in wee as constant a temperature as pos~ 
sible is maintained; 
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») by asing individual, heating, heat deanieatdon, or cooling; 
-¢) by using materials of Low sensitivity to temperature changes; 
d) by using special devices to Soupansaee the temperature errors and the 
errors due to changes in pressure. Such davies are called compensators. 
the noLsture-proof and corrosion-proof operation of aireratt instrument is en-~ 
sured by the following measures: | 
a) By giving the snateanents a form making it ea for water to enter 


the body of the instrument; | 
b) by using materials of the lowest possible hygroscopicity; 
c) by coating the surface with water~impermeable and anticorrosion lacquers 


and Saint 8; 


en esac eg sinS AR AMIE SEED DEINE GET LENL GOES EE ERIS ESS Ae ea arnt eee 


ad) by using special heaters and moisture collectors. 
All parts of aircraft instruments and the instrument as a whole must have 


mechanical strength sufficient to ensure reliable operation under flight conditions, 


DREMEL NAL WOOO A STET, 


where aerodynamic, vibrational shock, and other forces inevitably appear and lead 


to a vibration and displacement of the vointers of the aircraft instruments, and to 
Pp I ’ 


the generation of resonant vibrations in the elastic elements, fastenings, etc., 


and to an accelerated wear of bearings and shafts, to interference with control 


loss of hermeticity, etc. 


Mechanical stability of aircraft instruments is attained by eee them at 


~ points of minimum vibration, by using shocs peacnPeES by preventing resonance, and 


by exaventt ing self-loosening of attachments. 

















Declassified in Part - Sanitized Copy Approved for Release 2012/1 0/23 : CIA-RDP81-01043R001200220003-7 


CHAPTER ITT | 
ieee . OPERATION OF THE ATRORAPT ENGINE’ 
Section 1. 
GENERAL Dé LTA. 
f Instruments Controlling the Oper ation of the 
Mreraft Engine 


The gasoline piston engine is an extremely popular type of power plant for 
modern aircraft. For this reason, the present chapter will consider mainlr the 
struments controlling its operation, i,e., manometers, thermometers, fuel gages, 
tachometers, etc. As already stated, the nomenclature of control instruments for 
other power plants used on aireraft, differs only slightly from that 


sideration. 


saan meet eS et eC A NESE A EO I ER OER ON SOS EMR REET TASS ARSENAL Em 


eo 


In recent years, the control instruments for power-plant operation have been 
largely electrified. This is explained by the fact that Svectries! instruments give 
greater dependability of seenatten and are characterized by compactness: convenience, 
and simplicity of installation, and are easily converted to distant-reading instru- 
ments. This latter fact, in connection with the increasing sice of many aircraft, 

4s becoming more and more important. 

These instruments are fed eethe weaned electric system of the aircraft. The 

‘source of electors ener gy on the aircraft includes the aircraft generators driven 
ar the aircraft engine, and storage batteries. The board stectetéavsces erdinaniiy: 


“has a voltage of 27 v. 


: 

: 

oe 
x 

; 
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To maintain the voltage at a constant value at varying load in the cis reult and 

lat varying engine speed, and to ‘give a possibility of simultaneous operation of the 
ce and. storage batteries as well as to prevent seesioanine: a Junction box 
is ied: Its basic parts are: 1)-a pentane regulator; 2). a maximum Perey. Lo prevent 


"overloads; 3) a mundemam pee - ensure parallel operation of the peherar es and the 
STAT © 
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= storage battery. 
Fe or installation of the watiee cugeiete equipment o on an aircralt, 5 special elec- 


7 
tric wiring is Jaid the total Length ef which may reach several tens of thousands of 


meters. 
In case of need, for example, to Sess the eis installation from interfer- 
eres, a wiring is selected which, . Cevides the rubber and cotton braidine, comprises 
a braiding of copper wire. es anstehy ns spectre instruments it is necessary to 
suhstide for the protection of ene wire, from mechanical damage, the action of con- 
den sed roisture, heat, oil, etc, the absence of interference with radio reception, 
4.e., the ‘shielding of the instrument itself and its wiring, the observation of 


fire-safety rules, low weight, small outside dimensions, and low cost. 


Electric Methods of Measuring Nonelectric quantities 
Process in electrification of the instrument equiprent was stepped-up con nsider- 

ably in connection with the development of automatic aircraft equipment» Almost all 
instruments installed on an aireraft for control of engine operation measure nonelec- 
tric quantities by electric methods of measurement. In this case, the measured non- 
electric quantity is either converted into the corresponding values of electric 
parameters of circuits fed by an ext or is directly transformed 
into an electric quantity. 

| Examples of a conversion of the former type are instruments based on the 
changes in electric resistance (inductance, ceehea eed ete.) of electric circuits, 
depending | on the change of the parameter being. measured. The resistance may vary 
‘with the temperature or as a result of the displacement of a rovable contact under 

- the influence of a change in pressure corresponding to the deformation of an elas- 
tic elenent, etc. | 


Examples of a conversion of the latter type are instruments based on thermo- 


electric, piezoelectric, and other effects. | 
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‘The Rasic Elements of Electric Measuring Instruments for Control of 
Kipovart Engine Operation 
In the general case, an electric measuring instrument measuring a nonelectrical 
quantity picks up the quantity to be measured and transforms it into another quanti- 
ty widen is convenient for remote transinission to the indicating part of the instru- 
ment « For this reason, such an instrument may be conceived as consisting of the 


following parts: 


x os st eee 
fe jush SESE AES eEy, ete A ees . 7 
AREY SSC SAN Dey pT ot Ogre HE AP ies OT 


a) A sensitive element representing a part of the instrument that picks up the 
quantity to be measured and transforms it inte a displacement. The design of this 


part of the instrument is to a considerable extent, determined by the character and 


limits of variation in the quantity being measured. 
. ¥ P 


The transformation of one quantity into another may take place not only in the 


Tee eR UN 


sensitive element, but also in special transducers the purpose of which consists in 


# 


the transformation of the level of the quantity to be measured or the type of energy. 
For example, if the quantity being measured is the temperature, and its variation is 


measured by the aid of an ohmic resistance, then the transformer or transducer wili 


transform the variation of thermal energy into a variation of electric energy. as 
.@ result of the variation in temperature, the value of the resistance of an electric 


. eireuit is also varied; consequently, with a constant source of emf, the value of 


the current flowing through this circuit will also vary. It is precisely this vari- 


OR ear: in current that is recorded by the indicating snattinent. -which is calibrated 


in units of temperature. 
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In the indirect oeeeeee of + measurement, instead of ene temperature, the measur— 


ine instrument measures some quantity funetionally related to the Pompenahune) such © 


-as the variation in currefit. In this. case, systematic errors are unavoidable, In- 


| s ~ deed, the curr rent. may vary not only under the influence of a variation in tempera- 
"ture, Put unger the effect of other causes CBs, fluctuations in the feed voltage. 


b) 3 A renote transmission, \ which transmits an Paes proportional to the quan- 
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©) aby being neasured, to the indicating part of the instrument. 
ee) an indicator which reproduces the quantity being: = measured in the required 
Pitas: Host: often DC electric measuring Instrumente, magnetoelectric galvanometers, 
| Logometers, atc. are used as indicators. 
| a) A source of energy serving mainly to amplify the a a received from the 
os object being indicated. 
In any instruments the individual elements are combined and are installed in 
a “housing. In some cases certain parts may, be oe es altogether. ‘For example, in 
instruments where the pavaneter being measured is directly transformed into an elec- 
| tric quantity, ere 43 no need for an outside source of electric sane. We as- 
Sune - that the epee igbeuaBate controlling the operation of an aireraft engine 
: consist of the following elenents: a pickup {receiver), & eats transmission, and 


-an indicator. 


seuncteg icra seetin ahi $ehSS S EI PIAS ESS eS Ey 
: | oid ee sgeettent KISSES .) pee Eade ate wae os ss FOr c Rae 
sas op an 2 ioe oo > ches) Pate ts ra Ls a ta _ ras ” ai 

sarang nth NA een NORTE EM LEST ISS Le tet « . 7 


In this case we must not forget that all the above functions of an, electric 
measuring instrument are svenenved and that the individual elenents are present in 
a concealed form. For © xample, the function of a transducer ray be performed either 

by the pickup or by the remote transmission. 


The aA variety of pickups designed to measure temperature, pressure, fuel 


| 
ft 
; 
% 
L 
‘ 
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t 


- supply, etc. is striking. 


pe Pe RS 


The pickups of various instrunents, even those designed for measuring -one and 
a the same quantities, differ substantially and aut meet. entirely ‘different require— 
| mat (tor example, pickups of. resistance thernoneter and pickups of thermoelectric. 
+; thermometers). | 
| At the same time, the indicators of various instruments designed for the meas~ 
/ wring of various physical quantities (temperature, pressure, fuel supply, etc.) are 
ne characterized by’ great uniformity. Electric measuring inotruments of the type of 
“4 galvanometers ¢ or ratlometers, are used as indicators for instruments controlling 


; 7 ene operation of me airerai ft engine, Le@es electric measuring instruments, which 
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oot are very widely used in measurement technology, are here employed. 
“Such measuring instruments also are used as indicators of many piloting-naviga- 


7 x 


a tional instruments, such as the potentiometric renote-reading SOMpaSe the radio 


i compass, etc. 
leasuring instruments have very much in common with respect | to their design, 
| operating recui renente to be met, installation, etc.; for this reason, the measuring 


x instruments used on aircraft will be discussed here aererelely so that no later. 


reference to eee is required. 


; | Section 2. | 
ELECTRIC MEASUFING INSTRUMENTS FOR CONTROL OF POMER-PLANT OPERATIC 
Ka febesiasteic Measuring Instruments 
The operation of these instruments is based on the generation of a torcne i 
the interaction of a permanent magnet and a current flowing through wires (the so- 
Sy walaed frame or coil) lecated in the field of this magmet. 
| In these instruments, either the frames or the magnets may be moving. The use 
- of instruments with moving miniature magnets has become possible only after the 
creation of hi gh-coercivi ty alloys, which provide a high torque at relatively small 
Pat the moving magnet. A transitional stage is represented by instruments 
oo wth a fixed antra= trate magent. Since instruments with magnets inside the frame, 
os “ movable or Fixed, are eonslaerably more compact than instruments with nareesiee mag= 
nets, they are becoming rore popular than instrunents with Korseenes aasneoe: This 


“olen both to. galvanoneters and to rationeters. If the torque is dependent on 
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| the current in & conductor, and the opposing moment is created by a special device 7 

ht coil, a permanent magnet, ¢ or the like) then the instrument is called a galvanom 
eter. If the tarque is dependent on the ratio of current in conductors, and the 

1 tng moment is created by an electic coil whose function can be taken sien ty 


the frames, the inetrument is called a ratiometer. A ratiometer can not have less” 
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~! than two frames. 


Magnetoelectric Galvanometers 
The design of a galvanoneter with a horseshoe magnet (1) and. the moving frame 
~ (2) is shown in Fig. 15. The inner core (3) provides a practically uniform radial 
- magnetic field with the inductance 8 in the gap between the magnet and the core. 
| The inter raction of the conductor under the current (the frame) and bhe magnetic 


field leads ‘e generat on of the torque M. 
| The rotation of the frame is impeded 
by the springs (5) and (6) which provide a 
moment balancing the torque M, and serve 
at the sis time as current supplies (so- 


called moving current taps). The balanc- 


pcb Shae eg NR LEN OP MUERTE PENELOPE REELS EIDE AEST ELE FA LTE EESTI EEL BOTTA DB EE LTO TREO SESSLER RL ewhswitica on 


ing is effected by the counterpoise(4}, To 
set the needle of the instrument to the 


zero division of the scale in the neutral 


| 
i 


positien, a special corrector is used 
Fig.15 - The Moving System of a 


whose rotation changes the point of attach- 
Galvanometer 


ment of one of the hairs 


l~- Magnet; 2- Frame; 3- Core; L- 3al- 


| | : The bearings represent the support on 
ancing load; 5 and 6- Springs; L- Ac- | 
. | 4 “3 pat a pivot Q.3-2 om in diameter; the pivot is — 
tive length of frame; b.: Width of - o a ao . ‘ 
eo oe made of special steel with jewel bearings 
frame. . | 


: | in precision instruments and bronze ce 
“~ dngs in less precise instruments ieee are relatively seldom), 
The form of the frane is determined by the purpose of the instrument. If the 7 
~ moment of inertia of the frame must bes mill, i.e., if the instrument is intended 
_ for recording rapidly varying phenomena, the frame is made in the form of narrow 


nd ong rectangles (in individual cases the frame may have the form of a single 
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"conductor, in which case its natural pesciensy will be high pqavite monene oP aners 
tda low). ‘The frame represents a soul choae often of copper (temperature coefficient 
ay * 0.004) or of alwainum iat = 0.00/23) wire, which is wound on the Gaiden The 
_ spider is made of netal in cases where high damping of the instrument is necessary, 
which is achieved ‘by the BeLOnGr ae currents arising in the body of ‘the ae 
_. Sometimes the frame is nade without 4 spider to Lighten the moving system.* 
: “The aavenets used are of the horseshoe type with special pole pieces, assuring 
' the necessary law of distribution of magnetic induction in the gap and allowing the 
scale of the instrument to be expanded if necessary. 
The magnets inside the frame of the instrument are given the form of. cylinders 
_ (Fig.16). The outside dimensions of such.a systen. may be as mich as 15 - 30 mn. 
‘The value of the torque applied to the frame of the galvanometer may pe found from 
thie follewing considerations: The force 
f interaction Fy stuces the current in 
the conductor and the magnetic field with 


inductance 2, applied to one side of the 
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frame, may be found from the equation 


. a where Lb is the active length of the frame, 
-Fig.16 ~ Design of Galvanometer with | | 


| jee., the part of the frame covered by the 
Magnet Inside the Frame. 


eee eee ot is . et 3 Se thy * ‘e . 1 ee 8 
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‘radial magnetic field; 
oe Magnet; 2 - Iron ring; 3 - Armature; | 
4 ~ Outer magnetic circuit; 5- Movable I is the current in the frame 
frame; 6 ~ Current feed — aro | | 
: . 7 wis the number of turns on the 
frame.” The same force acts on. the other side on the frame, ie e., there exists a 
~ couple ay applied to the frame, the width of which is be 


Pp 
ihe: wonaie opplied to the frane is equal to 





4,3 
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Mask, es Fy, 10 *Byyb b [re 


bop 


“The quantity Sp = 1, b is called the ee area of the frame. By substituting 55 
for 1, Bp b_ we obtain, 


== 10°: ‘BoS, fe | : 
: | (III.2) 


At. an area | Rp of the cross section of the frame within the boundaries of this 


- area the number of turns to be wound (w) depends on the size of these turns (9): 
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- the smaller the size, the greater the number of turns. Thus, to increase the torque 
“Mowe must attempt to reduce q. The area of the cross section of the frame Gp may 


be expressed by the equation 


(T1I.2) 


” where Ky is the coefficient of filling of the frame by the conductor, allowing fer 
~~“ the glack of the windings, the insulation, etc. and is equal to 0.7 - 0.8. 


For known values of @,, k, and w, the value of q may be found from the expres- 


o> 


ak, 


ee and may be introduced in the expression for the resistance of a conductor 
R=L* 
seihers o is the specific resistance of the conductor sateriai: 


Pn: 


Spe pw is the iength of the conductor; 














ee sapieep tien aatO* caer es oe 
ey 





a Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7 


OW is the perimeter of the frame. 


“Hence 


ys: vw PB ves .. |. py 


where ae Vier is the electric power supplied to the instrument. 


If the POWOr supplied to the instrument is small (a very frequent ease), it is 
-{mportant to know ithe con nditions of maximum sensitivity of the instrument, ji.e., the 
“ conditions of obtaining the maximum value of the torque M for a given minimum power 
Pai in that case, it is precisely this value of the Power P, that mist be introduced 


in the expressions for ¥, q, and K. 


ie A ee te me aes oe 


(Figs ag -Galvanometer | Frame in the Gap Pig. 18 - Relation of the Stationary 
of the Magnetic System. | 7 . Moment of a Galvanometer and 

| the Value of the Air Gap. 

6 /Z - Gap. between frame and magnet; 


6 - full air gaps Me - tat onary. 
‘moment. = 
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af in spite of this the torque ig still too low, its further increase is aq 
“ chieved by selection of the optimum value for the gap. in the magnetic system. If the 


“theless: of the | cross section of the frame 45 h and the length is d (Fig. 17), then 


Qt ah 


i 
! 


“We shall denote the gap between the frame and the aan by a so that the full air 
- BaP b= 5'+h. | 


By sens h by 6 and 6', we er 


On dia A‘). 
| 


The quantity 6° cannot be taken too small, since this may hinder the assembly of the 
-” Anstrument and lead to the frame being paacee beyond the pole pieces. 


The expression for the moment HM may be rewritten in the form 
4 ka 
x = S ~ ’ 
M = 10 B55 VP a 6 § 


Vth increasing value of 6 the moment increases only to a certain limit after which 
bo At then begins to decrease. 


elation between the stationary ROHSHY and the value of the gap is given in 


“Figae. até = 5', the moment Kos Oo. At & » 6' the aoe induction in the gap 

— gradually decreases, which also leads to a eaiaat decrease of the stationary KM. 

: The turning moment developed by the frame is opposed by the moment ¥y ia ed de- 
~ veloped by the hairs, where a is the angle of rotation of the moving seek and ¢ is 
~ ithe coefficient of elasticity of the current conductor.» 


The position of the moving system is determined oye the eee Mo= H- cy - 


oat the instant of equilibrium, Ko = os i. Oe 


(111.6) 
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" Galvanometer Eeyore and Preventive detisas, 


The gee al aad readings may be affected by the following: 


a) Magnetic and electric fields created id other instruments; their action is 
- neutralized by shielding. 


b) Fluctuations in the feed voltage of the electric power system of the airerat, 


of as much as = - 10% which ray Lead to errors in the instrument eres of the same 


“order. | ‘to eliminate these errors, ‘the instrument is provided with a voltage stabil- 
ieee. : - 


‘e) eAiisn in. the bearings and. unbalanced state of the individual unit and of 


1 “instrument as a whole, which may lead to considerable errors. 
da) Vibration. The influence of 


vibration on the position of the movable system 
‘4s eliminated by the introduction of special dampers. 


e) Fluctuations in the surrounding temperature leading to variation in the mag- 


ce flux © of the magnet, and consequently to variations in the value of the mag- 


- netic induction Bp in the gap, to variation of the modulus of elasticity E, of the 
resistance of the frame R, etc. i.e., leading to instrumental temperature errors. 


The variations of certain of the above quantities may be mutually compensated, 
| “entirely or in part (for example, variation of the magnetic inductance in the gap is 


” partially compensated by variation of the modulus of elasticity); however, other va- 


ct ga 


“riations renain uncompensated and require the introduction of special pomp eee aye, 
“devices. 


“The most’ widely used methods of temperature compensation ‘for galvanoneters ; are 
se as follows: 


e The. Method of additional resistance. The additional, weatstance Re (Fig.19). 
“As connected in series with the galvanoneter; this resistance is made of wire with 


mh! “a very low temperature coefficient (nickel, Constantan, sti): 


Such a resistance may 
“be considered temperature-independent. 


‘The current in the instrument, in this case, 
“is equal to oe -. tee @ 
a 
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RR eat | (111.7) 
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at: fy Ry chan: even considerable variations of R will not cause great tempera- 


eden LEE A RAN il eo 


> eure errors, but the sensitivity of the instrument is considerably Seduced: 


25. The Method of additional resistance with a negative temperature coefficient. 


pan pensnenmen ce emp rempenene: Hemet 


The introduction of. an in-series connected resistance with a negative temperature 
‘coefficient ies, the introduction of a so-called ceceeaver is the most modern 
“method of temperature <cuvenentions A neutraliz er produces almost no loss of sensi- 
“tivity of the instrument, since the quantity fy in this case may be serenaeiea: in- 
"significant. The compensation is effected by the selection of a law of variation of 

‘Ra in accordance with the variation of R. The loss of sensitivity will be smallest 
“where the absolute value of the texperature coefficient Py of the neutralizer ex-~ 
. geeds the value of the temperature coefficient 6, of the material of which the re- 
| sistance of the galvanometer frame is made 
Such resistances which are used more 
and mere frequently, are made of celite 
(8, ° 0.01), tellurium with silver 
(8. = 0.012), ete. Alleys exist in which 
the absolute value of the temperature co- 


Fig. 19 - Additional Resistance Hethod 


efficient of resistance is 10 to 12 times 
Ra 7 Additional resistance; R - Resis- | | | 


i | as great as the value of the temperature 
tance of the instrument; I - Current - 4 
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oleae SO | coefficient of the material of the frame, 
flowing through the instrument; U- 

sc eo... : for example, gilver sulfide. as busy of 
Feed Monee | 

this type of alloys was Zirst dike in tie 
~ USSR by. Acadeed clan AAP. Toffe. 
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32 Method of the thermosensitive shunt Compensation of the error is afffeted — 


oy selecting the resistance. r of the shunt pAehare) in such a way that on any vari- 
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atten An the temperature of the surrounding air, the current in the frame will re- 


\ 
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main constant. 


The ‘resistances hy a and Ro are made of Manganin or Constantan. 

“The resistance r is aude ‘of copper (ay = 0,00) or nickel (a, * 0. 0052). With . 
lthis method of compennet ons the Bonsitivery of the instrument 4g likewise consider- 
clay: decreased. The valve. of the current I flowing through the instrument, is de- 


termined by the relation 
| Posh, 
Rit RT 
9 is the current of the voltage source, 
r is the shunt resistance; 
Ris the resistance of the instmm nts; 
Rp is the additional resistance. 
BF varying the resistances hy and kg, the instrument may be nee es within 
wide Limits. 
i. Method of the thermosensitive magnetic shunt. Figure 21 shows the thermo- 
jagnetic compensation of a galvanometer. 
The magnetic flux of the sagnet. in this 


M ‘case consists of three components: the 


Fig.20 - Scheme of Temperature Compen- 


Fig.e2l ~ Thermomagnetic Compensation 
sation by the Method of Ther | of Galvanometer 


-posensitive Shunt 
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“i werking flux. a the- flux in the ‘shunt. ¥sh and the flux of dispersion The mage 


“netic induction in the gap is Bp: When the temperature is “Anereased, the magnetic 
" Anduetion Bo in the gap decreases, reducing the peatiousey, moment cf. eq. (71.2) 


- acting on the moving system. 


A ‘thermoma etic shunt i made of material in which the resistance to ine pas- 


gage of magnetic lines of force is increased with increasing temperature (calmalloy, 
"alleys of iron, nickel, chromium, otc). As the Penpcretune increases, the magnetic 
(flux fre from the sirunt. is forced into the merne gaps of the magnetic syster of the 
" aleanoaa ten: as a result of which texperature compensation is achieved. 


The application of 3 thermomagnetic shunt involves a reduction in the magnetic 


flux in the gap, and consequently also a 20-30 % reduction in the sensitivity of the 


_inecemnents 


retoelectric Ratiometers 
Such ratiometers represent a permanent magnet in the field of which are placed 


_ | two or more conductors (frames); a current is applied to the frames through special 


POR OLNELe ope ete nag Syet eer re 


<.., Springs with very low elasticity. The value of the current applied to each of the 


frames is determined by the nature of the change in the measured parameter. The 


i 
oa 
i 

i 

4 
4 


':.. frames are connected in such a way that the erectron of the current in them, and 


** ‘consequently the direction of the torques a:ising under the action of the magnetic 


TARE 


.'. ffeld on each of the pondectorss is different. 
In rationeters vith two frames, the torques act in Gpposite directions ‘to each 


others ‘There are no special duvices in the instrument for creating a counter mo— 


vo nsment In the. galvanoneter, the counter moment, the value. of which depends on he 


soetee 1 


a ) angle of rotation of the movints siete is created by spring-filled current feeders. 


i 
owed 


or order to make the pees of the roving systen of the rationeter stable, it is 


quantity being measured but also on. its position. Without. satisfying this require 


iments, a stable position of the Seving system of the instrument is. impossible. 
STAT — 
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A stable position may be-attained, for example by selection of a certain law of 


distribution of the magnetic inductance By in the gap. In this case the frame be- 


COMES, @ as it were, an electrical spring. 


ib matviate a bate ace aes ea 
by DPN eat OE Mt Ee em Rk ALS ARTE TEI SIE ALLE T Ye 


“the value of the moment Mw applied to ihe oe system of the instrument is de-. 
| termined by the ratio Be Nas where My and My are the moments acting on the 


“first and second frames, eee These moments may be found from the equations 


OP 


My = 16." 4 S wyTy 2 a1 )B,, 


| (III.9) 
Mo - 10-45, 9 pa ovate ° aol B,, 


where I, and Is are the currents in the first and second frames respectively; 

Bo, and Boo are the magnetic induction in the gap at the locus of the first 
and second frame, respectively; for symmetrical frames, 
. Wo = a 

Consequently, in position of equilibrium, when M, = Mo, we have 


TBy, ba 1oB, , 


(III.10) 


a The values of the currents ao and I, vary in accordance with: the variation of 
Se “the quantity being measured. To assure stable equilibrium of the aavine eperems the 
a nduction in the gap when the oe is displaced must vary by a ant Srver sey pro- 
ve portional to the law of variation of the currents. Consequently, the frame with the 
oe highest current must rotate in such a ey that the monent acting on it decreases 
yen decreasing Pragnetic induction in the | GAD. In this case, the moment acting 5A 


| _ the. frame. with. the dower current mat increase ag a result, of the increase in mag 


i 


en netic, induetion 4n the ‘gape 


ray. ed 
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For horseshoe magnets, the required law of distribution of mgnetic inductance 


an ‘the gap may be obtained by experimental arrangement of the inner magnetic conduc~ 


“tor (Pig.22) ¢ or by choice of the form of the pole pieces. In instruments with ¢ a 


Fige22 - Ratiometers with Two Frames | 
A~ With a horseshoe magnet; b- With a magnet inside the frame;a- Angle of 


rotation of the moving system;5 - Angle between the frames; I,- Current 


flowing through the first frame; Io- Current flowing through the second frame 


io egyindvieal: magnet inside the frame the problem ig simpler, since the induction in 


oe lhe gap of such a magnet is distr ibuted by the cosine law 


Ba, i B, cos 2, | 
By, = By cos (2 + 4). 


were 6 4s —_ angle between the frames; 


a is the angle characterizing the mutual position at the moving system and 


i 
tee ae 


the line of the magnet. poles. 


The equation of aa My * Mat now , takes. the form - 


s 
Creuset Qe ohana 
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Li 


~ z i 
ween pete eemtred ent raat 


1B, CNS 2: ~NBoc cos G3 es j= = IaBy(cos a cos $— sin 2 sin Woe 
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The angle of rotation of the moving system may be calculated by the aid of the ex- 


pression 
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‘cos § ~ 
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tan — 
sin 6 

This equation shows that the value of the angle 6 between the frames 
the value of the angle oF rotation of the moving system, so that the angle 
therefore be selected in s: ach a way as to obtain the maximum value of the ang 
while still maintaining stability of the instrument readings. In aircraft instru- 


” 


ments, this angle is most often taken between @ and 30°, 
» & 


Zrrors of Ratiometers and Methods of Eliminating Them 
Fluctuations in Feed Voltage. In fixing the value of the angle &, the position 
of the moving system is determined by the ratio of the currents Ti/To } 
- which is practically independent of the sein of the feed voltage. 
Temperature Errors. As in the pgaivanometer, a change in the benpavatone- ot tha 
sutpoundine air leads to temperature errors in ratiometers. To compensate instru- 
nent temperature errors, a neutralizer is sometimes connected in series with each 
of the frames; but more often an additional resistance is introduced into the gen- 
eral design of the instrument. This resistance is made of two materials, the re~- 
| siatance of one of — remains mest. constant with varying temperature (Constan- 
eens while the. resistance of the other varies considerably (copper). This method 
of compensation is particularly widespread in bridge instruments. 
2 UA comparison: of galvanometers and ratiometers permits the following concrete 


Rationeters. have an n advantage over r galvanometers in that their esdlnee are 
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almost: independent of the fluctuations of the feed voltage, but the sensitivity of | 


,_ sebeameters is considerably higher. 
: Both in ratiometric (two-frame ) and galvanometri¢ ppelEuney 2s the angle of 
“ potabion of the pointer. does not exceed 90°, 
| To extend the scale of the instrument, specially shaped pole pieces are used, 


| which vary. ‘the law of distribution of magnetic induction in the gap; in this case 


eres Seat te, emer en eh Bt 


the angle of rotation of the peinee? may go as high as 270°. 


st 95 ED NE ERNE FE YO 


Fig.23 - Three-Coil Ratiometer with Fig.24, ~- Scheme of Arrangement of 
Moving Magnet Ratiometer Coil of Three-Frame 
1 ~- eres 2- Coil; 3 - Damper; Ratiometer Coils on the Rotation 


Lk - Sereen of the Moving System through 360° 


To obtain a 3600 scale, ratiometers with three frames are used. In some cases. 

the frames are made movable, in other cases the magnets. 

Figure 23 shows a three-coil rationeter with a moving magne’: To reduce its 
ete the miniature magnet, is made from molded special magnetic powder. . The re- 
+ dustion in the dimensions of $e magnet inevitably leads to a reduction in the 
magnetic induetion in the gap. This is compensated by « a considerable increase, in. 
ae! outside dimensions wi number of the windings of the frames. which, being fixed, 


may be made fairly heavy and ‘large. In its design, such an instrument is aE 
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Since 
gin (120 + @) © sin 120 cos a@ + cos 120 sin a * 
sin (a > 120) = sin & cos 120 ~ cos @ sin 120 * ~ = sin a - 


ow We may write 


I, ain a * ~ (Ip ain (120+ @) + 15 sin (@ - 120)) > 2, 


V3 
% 


ae 


(13 oe I9) COs gm. 


tan a? 


V3 (13 - Io) 
21) - (19 * 13) (IIT.14) 


Equation (III.14) makes it possible to calculate the scale of the ratiometer. 


mrathawatsepisdy NMEA iene nest Sat aD hate ee erin 
ce geen et AT hk eet 8 oD te Re RN AAA tA aR Se EN Nate ne Mlle muds TEL 


vi ...The instrument readings, as in the case of the two-frame ratiometer, depend on the 


“patio of the currents in the frames. 


The errors of three—frame ratiometers are similar in character and nature te 


“*--'the errors of two-frame instruments. 


section 3. 
LISTRUMENTS FOR MEY ASURING PRESSUR ES AND D TEMPERATURES 
| The Vacuum Manometer 
The manometric: instruments: used a few years ago for checking the operation of 


cal power plant have alnost completely gone ‘out of use, and for this reason these wilt 


fee 


“(be disregarded here. 
oi 


sondeg et 
Ny 


ay i The only manometric instrument still widely used at the present time is the 


vee 


9 jvacuum gage, an instrument for measuring the pressure of the fuel mixture in the 
tee } 


intake manifold of ‘the engine. This instrument, is used in engines with Super. 


AP seh ace Fie FREE min cement ee, 4S 


Dn haa ati ee 


joharging where, in order . to maintain a definite composition of the fuel mixture, 
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" regardless of the altitude, forced air supply (supercharging) is used. 

: ‘The. diagram of: connection of the vacuum gage da given. in Pig. 255 and the kine- | 
~ diagram of the differential \ vacuum gage in Fig.26. | | 

3 ‘The sensitive Siecient of the vacuum page eeeaiatioe two sylphons (2) and (3) - 

/ whieh are rigidly attached to the hollow cylinder (1). The ‘air is pumped out of the 

| sylphon, (2), while the eine (3) is connected to the intake anteeid (2) of the 
eae 
The rigid center of the sylphon (3) is displaced as the pressure in it varies 

or handee ‘ne influence of ‘the pressure dicterence p _ Pyye The motion of the rigid 


. center is transmitted over a transmitting mechanism to the instrument pointer (4). 


& 5 


Pig. 25 ~ Diagram of Connection of © Fig.e26 - Kinematic Diagram of Differ- 


the Vacuum } Manometer : : a ential Yacuum Hanometer 


So long. as the atmospheric pressure Py remains unchanged, the sylphon (2) is 


16. not deformed, and only sylphon (3) operates. As the atmospheric pressure varies 


50! the value of the force: acting on sylphon (3) from outside also varies and. the sen- 


i 
: 
ce 
} 
i 
} 


onan 


‘ood sitive elenant: is deformed. 


aves ed 


Pen There.are. no. errors. in the Anstrunent readings since, because. of. the. variation | 


“of the atmospheric pressure | and of the. pressure in the body of. the instrument, the 
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"i sylphon (2) is also deformed, thus compensating the deformation of the sylphon. (3). 


-_/ The counterweight (5) is used to balance the instrument. 


grrors of the Yacuun Nanoneter 
Asa . result of the versekees in the elasticity af the sensitive elements. under 

the action of the Surresneing, temperature, squesvied instrument temperature errors 
he created in the instrument. In order to eliminate these errors, a bimetal tem 

Serature compensation is provided, the design of which was deseribed in the discus-_ 

woes on manometric navigational-piloting instruments (cf. Chapter rv, Section 

- Sometines instruments: with sensitive elements in the form of a corrugated box 
ae on aircraft. The des Len of such an instrunent | is similar to that of the 


ometer, which is described in Section 1 of Chapter TY. 


Pig.27 - Diagram of a Combination Instrument Operating on 


the Principle of Resistance Measurement 


i 
etl 
; 
: 
ok 
i 
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; 
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i 
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i 
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? 


a ~ Pressure pickup; b - Temperature pickup; c - Indicator 


b 
& 


Electromechanical combination instruments are widely used on aircraft to meas—. 


“E 


inten wher oat Sse o tastoatent muted iti 


jure pressures and temperatures. 


“0 

Bet ¥ 

i i 

5 atc ort epr 3 it 


Jecaenteonia: fam 


1 


ERB. principal. advantages of. such. instruments are anes design, . convenient. ine. 


_jstallatdon,. reliability,. and conpactness, 
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" Com apeund I Instrument 8s for Measuring Pressures or Temperatures 
“Compound instruments whose indicator combines two to four instruments are wide~ 


ay used; these have ; separate prerups for each quantity to be measured, Such instru~ 


ments ya ianeen ihe some of- the aircraft crew Sines they reduce the number of objects 


Oa 


“to be observed. 


Tha operation of eleetromechanical instruments for 


measuring pressures and tem- 


peratures is based on the variation of resistances in relation to the values meas- 


ured. A clreuit diagram of one of such snstruments 


eu seeped Lc csaygebiasigetr a cudbpaeta en nie aera ge 
ASE ERASE ED TE Se YT RTE RI Se ete ED Oe MRO MHS Pe . vices in radeiae 


ard ee . view of the in- 
dicator are given in Fig.27. The pressure p 18 supplied to the ela 
“having the form of a corrugated box or sylphon. 
if the pressure is being measured, then ; 
(pressure of ofl, gasoline, coolant, etc.)}. 


measuring temperature, then the pressure p must be a function of 


i 4 Lge ed tt ed A he PREP an NED i SN en Sehnert PEM ERTIES! 


rN 


“being measured. 


awn en ebtanter 


In this case the instrument must have a device for nicking 


and converting it into pressure. Such a device may be made, for example, in 


_ form of a thermoscartridge filled with ligroin, the volume of which varies consid- 


«, @rably with the temperature. The inner cavity of the thermoscartridge comeunicates 


‘orm, for example, of a corrugated box. 


The dist oraat ion of the saat element (1) re transmitted over the transmitting 
| (¢.,mechanden to the slide block (2), wiping a potentiometer. Each position of the 


4 


slide corresponds toa definite voltage applied to the indicator, designed . asa 
50. 


S Qpore 


4g. 
sand 48 used aS indicator, in which case ‘three: or four indicators are combined ina 


s. 


Ry tat 


single body (Fig.27¢)-. 


we 


of 


| 
| 
4 alvanoneter or ratiometer. Very frequently. a combination rationeter-galvanoneter 
ach 


{ 

ar 
“ee 
_l 8 _ 
al {coupe ara atau suet ota orly the pressure or only the temperature | 

: } | : ec 
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“SV sylphon (2) is also deformed, thus compensating the deformation of the sylphon. (3). 


"The counterweight (5) is used to balance the instrument. 


{ 


Grrors of the Vacuum Nanoneter 

As a . result of the ver savien in the elasticity of ' the sensitive elements under 
. the action of the surrounding temperature, s0-c called instrumen temperature errors 
ore created in the instrunent. In order to eliminate these errors, a bimetal tem 
cen ecapensal tn is provided, the design of which was described in the discus- 
_ gion on manometric navigational-piloting instruments (cf. Chapter IV, Section 1); 
Le © Sonetines instruments with sensitive elements in the fort: of a corrugated box 

gua snl wlecHaees The design of such an instrument is similar to that of the 


=a Tt 


/o .meter, which is described in Section 1 of Chapter I¥. 
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Fig.27 - Diagram of a Combination Instrument Operating on 
the Principle of Resistance Measurement 


a - Pressure pickup; b - ee Gs — 
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Blectromechanical ‘combination instrunents are widely used on aircraft to meas~. 
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ure pressures and temperatures. 
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~ ERE. principal. advantages of. such. instruments are s simple design, . convenient in- 
_stallation,. reliability, and compactness. 
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Compound _I Instrument s for Measurin, Pressures | or Temperatures — 


“Compound aheceumanes whose indicator combines two te four instruments are wide~ 


ay used; these have : separate pacups: for each quantity to be measured. Such instru- 


“mants Jiphean Shs Hone of- nne alreraf raw since they reduce the number of abjects 


: to. be sae cied: 


need 


The operation of eleetromechanical instruments fer measuring pressures and tem- 


“peratures is based on the variation of resistances in relation to the values meas 


ured. A circuit diagram of one of such Anstruments and an over-all view o 


3 ‘ Oa Ses Leta te Tee wrate se wage elecknat tan 
mast OAS g Bae eS in Ia IES EIT IT SAE SAY TEER ML RIGTE PREP LI Fae S Pee 
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~ Qieator are given in Fig.27. The pressure on is supplied to the elastic ale 
is ah ; oes . 2 i’ he 


“having the form of a corrugated box or sylphor, 
if the pressure is being measured, then ; 
~ (pressure of ofl, gasoline, coolant, ete.). 


- measuring temperature, then the pressure p must be 


tw 


Fis 
2 feretion 


“being measured. 
In this case the instrument must have a devic 
and converting it into pressure. Such a device may 


_ form of a thermoscartridge filled with ligroin, 


the volume of which varies consid- 


+ 


, @rably with the temperature. The inner cavity of the thermoseartr ridge comzunicates 
th 
owitl a 


example, of a corrugated box. 


As the Stasi e volume of the ligroin also varies causing a 


» _ deformation (or flexing) f the elastic element. 


tac a a ee ee eT 


a The deformation of the elastic element (1) ds transmitted over the transmitting 


_faeatantis to the slide block (2), wiping a . potentioneter. Each Bogeesenee the 


{slide corresponds to a definite voltage applied to the indicator, designed as a 


clasts: or rationeter. Very frequently a combination rationeter-galvanometer 


tds used as indicator, in which case ‘three or four aareeteres) are eeub ined in a 


“ {single body (Fige27c).. 


_ 
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ae 


Rill habia tik ciaael orly the pressure or only the temperature _ 
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“are widely used. An example of such an instrument is the combined differential man~ 


 ofieter with double or even triple arareeeere (Fig. on 


In addition ny these instruments, bimetal therroneters whose principal part < 


a bimetal coil are also used for measuring temperatures. The deformations of the 


ay corresponding te the variation in temperature permit. estinating ea temperature 
(such instruments are used for measuring the temperature of the euneAse air). | ke 


- gistance thernometers and thermoelectric thermometers are also in use. 


Resistance Thermometers 


cpa edeanteniganys seat e 2 Nat wr ate EE kD TEES 


Resistance thermometers are used on aircraft for measuring the temperature of 
air, oil, coolant, carburetor mixture, etc. 


The design of ald above-listed instruments ds the same and differs only within 


the limits of scenieneet and the range of tne individual reste Ceeee. These in- 
struments make use of the relation between the resistance of a conductor and the 


temperature, which obeys the law 
hae NAA ee (IZI.25) 
where Ren and RF, are the resistances at the temperatures T and T,, respec- 


tively, correlated by the expression 


T*?-T 


ae ie the terperature coefficient of resistance; for. copper ane nickel, 
“which are used in these instruments, the coefficients are ad, = Oo. O0L - 0. 0068, 


‘The instrument is arranged as a bridge niecurt (Fig. 29). 


~ 


“One arm, representing 


ee “the pickup, is placed at the point of measurement and is made of a thermosensitive 


-vaterial with a res istance Res whose value varies by about 0. ut for each Geibiprade: 
a 


“of temperature 4{nerease. Three other resistances are mounted in the indicator. 


 theee are made ofa material with a vety low temperature coefficient Se 


~ Mangantn)s ‘Usually, two of ‘these resistances (R) are > given adaat value, wide the 
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2 EDMU-80 3 EDMU-80 


Pickup Indicator 
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Fig.28 - Electric Remote-Reading Pressure Gage of EDMU Type 


a~ Outside view; b- Circuit diagram 
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third (Ry) is so selected that, at the equilibrium etate of the bridge, Requil.® Rye 


In one diagonal of the bridge, a a galvanometer or rationeter is connected (in this 
particular case &  rationeter), and in the other diagonal, the feed source. The re- 
i sistance Ry steps down the goltaee of the: electrics syatem of the aircraft to the re- a 
~ quired value. The resistance R, is introduced to obtain currents of different value 


| : | | and direction in the radiometer frames. 
. ‘This resistance is made of copper Fay and 


Vanganin Ra, by which means temperature 
2 ad | 


compensation is effected (R, = Rat Rate 
: “. 


In the equilibriun state of the 


bridge, corresponding to a certain terper- 


my OD $a ‘5 “ 4 - R rs = 
ature Teouil. the equation Khy BP eek, 


is valid; in this case, the current in the 
rationeter frame is the same in value but 


differs in direction. Let us assume that 
Fig.29 - Ratiometric Resistance ; ee 
| the value of this current is I. For any 
Thermometer 

other value of the temerature at the 

Rep Resistance of the conductor; rm Ke- | . 
— - point of measurement, the current I, = I+i 
“sistance of the ratiometer frame; R | 


Pt imsae + 
baAWeAS Ww 


and R,- Resistances of bridge arms; | ; 
| ; os . while the current i, =J-~ i flows through 
Ra- Additional resistances; Ry"Ra,+Ka.- 
x ae . . Sea oe the other frame, where 4 is the current 
Compensating resistances; I,- Current | a | | 
a ; | generated by the change in resistance Eup 
used from voltage SOUrce ; Ths Ip- Cur 
. of the receiver with any shave ‘in the 
rent in the rationeter frame; U- Yolt- 
measured temperature. ‘Depending on the 
“age, supplying the feed source. | 8 a 
2 supplying . ao ratio of the current I, to I, the pointer 


of the indicator assumes a. certain posi- 


tion. The scales of such | instruments nev- 
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ce) 


“and nickel, resistances used in the receivers cannot. operate at high temperatures, be- 
“cause of a change in’ their characteristics as a. seul of oxidation. An external. 


view of the indicator ‘of the resistance thermaneter is shown in pee 30a, and the ee 


eon 
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eudt diagram of the resistances is given in Fig.30,b. Figure 31 gives the diagram of 


the resistance thermometer of the receiver. 4 copper wire, 0.05-0.07 mm in diameter, 


- with enamel insulation, is wound on a paper-insulated hollow metal tube (2) which is 


Fige3l - Diagram of Resistance Thermo- Fig.32 - Contact Plate of Resistance 
meter Pickup. Thermometer 


1- Protective tube; 2- Inner tube; 1- Plate; 2- Protective tube. 


3— Wire resistance 


coated with lacquer and placed in the protective brass tube (1). During operation 


'. Of the instrument, a good thermal contact must be provided between the thermosensi- 
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Fig.33 ~- Circuit Diagram of Universal Dual Electric Resistance Thermometer 
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for Multi-Engine Aircraft. 
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‘© Jtdve resistance (3) and the medium whose temperature is being measured. To improve | 
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this ‘contact, a plate is sometimes used instead of the ‘tube a. This plate has the 
| form shown in Fige32. The luge of the plate (1) are pressed against the protective 
~ tube (2). In designing the instruments the possibility of nie in the resistance 
oR due to heating by the current itself, mast be allowed for and eiieinaced 
To measure the. temperature of water, oil, air, etc. on twin- and four-—engine 
aireratt, a universal dual resistance thermometer is used (Fig.33). The pickups (1). 
of the thermometer oy not differ from the pickups of ordinary pextutanee thevminetene 
and are installed at the. point whose temperature must be controlled, 
The: ares has. two independent eatianeters (2) and two scales graduated eee 
- 50 to 150%. The roving magnet is installed within two pairs ee. coils set at an 
angle of 120°, The iaetnsaamienss field of both pairs of coils acts on the magnet. 
At low temperatures, the current is lower in the first pair of coils and higher in 
the second pair. In this case, the action of the second pair predominates and de- 
_flects the magnet with the pointer scutes When the temperature increases, the 
“current: increases in the first pair and decreases in the setcnd pair, deflecting the 
needle upwards. | 
The variable resistance is intended for regulating the sensitivity and for set~ 
ting the instmment to zero. | 
: The indicator and pickup are linked to the conductor by nieananor plug connec-— 


~LOrse = 


. Errors of the Resistance Thermometer © 
. The cause of the systematic texperature error is a heating of the resistance of 


the thermosensitive elements by the current passing eee it. 


| ve 
ta] Instrument errors are caused by the following: 


a) Influence of the ‘temperature of the surrounding medium on the characteris- 


~ thes of the ‘elastic slenents) frame resistances, etc. 


~b) Wear, Arregilarity of the BAS) scale errors, and errors due to unbalanced 


partes 
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‘The error from wear appears to be the yoaule of the relatively high friction in 
“the o axle journals, the hinge joints, etc. The error. from the gaps is attributed to 
"the weakness of the hair ae the saps in the transmitting mechanism of the ine 
_strument. a | 2 | 

The scale errors are , the mechanism control errors and scale rarkings, 1, Bey dis- 


“parity between the angle of rotation of the pointer with the scale divisions. 


The unbalanced state of the parts ‘of phe transmitting mechanism may cause a 
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change of the readings wher the instrument is inclined and may be due to fluctua- 


_tions of the pointer under vibration. 
c) Oscillations of ‘the feed. eltands 


According to the specification is for the instrument, the error in their Feaene 


under constant vibration and corn temperature Seat not exceed * + 2.5% of the nomi- 


yal scale value; at T = * 50°C, this error may go as high as + 54 and reach t 6% of 


_-the nominal value at T = - 60°C. 
The error of a dual resistance thermometer with ratiometric indicators does not 


_ exceed é°c over the entire scale. 


Thermoelectric Thermometers 


Thermoelectric thermometers are used for measuring high temperatures, for ex- 


ete ad Harn ge rt ncAat epare melts 


“ample the tenperature at the eyaanger, heads and in air-cooled internal combustion 


“engines, the Lemperature of the exhaust. gases in Set engines, etc. 


The operation of thermoelectric. thermometers is based on the utilization of the. 


cr thermal emf generated, in two cold junctions of dissimilar conductors when a temper- 
SG, ature difference AT (Fig.34) arises at the soldering point. This phenomenon was. 
AB. “carat discovered in 1756 by the Russian Agadenician F.U.Epinus and later, in the 


50. 


~ dade of the 19th Century, studied in detail by M.P. Avenarius. ‘In the USSR, P Pals 


cack 


. = o 
gen 


“Ipakhmet yer, 1.J.Borgnan, and others have done and are still doing large-scale work 
in thie. field. - 


emer ead teenie saree as sink tlic! tetanic 
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LE. the temperature at one ‘end of the. Junction is constant, then the value of 
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: “the ‘theroelectronotive force, for « a given material of the thermocouple, depends only 
on “the ‘tenperature of the other end. | 
a In aireraft instruments, the teuperature in the pilot cabin where the indicator 


ois installed and the so-called cold" junatdon of the thermocouple is aecated: is 


Hot sunction 


Fig.34 - Diagram of the Thermoelectric Thermometer - 


j- Pickup disk; 2- Galvanometer; 3- Indicator 


‘considered constant. Consequent , 7 t readings depend on the tempera- 


Thermoelectromotive 


Material of Thermocouple : 
: 7 force in mv 


e } 
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SF omens ang 
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Wi ane: of the "hot"! junctdon which is connected with the pickup of the instrument. The 
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“most widely or materials for thermocouples are given in ‘table 2 | 
2 At AT.® 300° C, the ‘thernoelectronetive force of a chromel-copel thermocouple 
can equal to 20 mv, and the thermoelectric ‘current is directed from the positive 


-_ (chrome) electrode to the negative one ‘eopal ys "Since the thermoelectric currents 
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Fig.35 - Forms of Thermoelectrodes 
a~ Thermocouple with junction to be screwed into a metal wall; 


b- Thermocouple in form of a disk; c- Sparkplug with thermocouple. 


epee rie 


generated during the operation of the instrument are small, the measuring instrument 


% possess a high sens a ralvanometer with an intra- 
mus & 


- frame BREeY is used as the measuring device. 


The form of the thermoelectrodes may yary widely; according to the point of in- 


: } 


oa ‘gtallation At may consist of a disk with two trappaalectredes, two ends screwed into 


5 fa) OOS NSS ear Od AS ERY rtd CIS mene sa homme mo 


a8 metal wll, etc. (Pig035)- 


Errors of Thermoelectric Thermoneters 
io! Systematic error ersese as a result of the inconstancy of the temperature of 
€ 
the Hoold” junction and the resultant variation in thermoelectromotive force. 


To eliminate this. error’, er additional thermocouples creating a counter emf 
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Ney be tatrodueess oe the nesta of the indicator can be supplemented by a device to 
Seed ts readings according to the volue of the surrounding temperature. Such a 
 ieeits might. be a bimetal spiral (1) which, as the temperature varies, changes the 
cin a te ay Sh ene hair (2); see Fig.2. The moment of the hair is | 


oO 


) 
ae 


Bimetal Compensation of 

Thermoelectric Thermometer 

l- bimetal coil; 2 - Hair a -~ angle of twist of the hair spring 
due to change in value measured; 


a, 7 angle of deflection of hair spring 


due to deformation of the bimetal 
springs. 


ene 


My = ¢ (a- -a of gee Fig. ae 
2 The instrument errors are caused by the variation in Esaserence of the galva- 


-noneter, conductors, ete. with any variation in temperature of the medium surround~ _ 
ee 


Ang the indicator. Compensation nf the temperature error is effected a means of a 


203 


eo ~ peutralizer. 


wend 
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Wier In addition, inetrunent errors also arise as a result of wear, of incerrect — 
“aps, etc e 
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The total-error. of the instruments corer ~ 9) under aeneeanes vibration wet not 
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i 8c at t = 20°C 
+ 15°C at t = 50°C 
“£2490 at t= - 60°C. 
The Themoehectris Thermometer for Measuring the T erature of 
"Exhaust cases of a Jet Eng 
A peculiarity of -mriring the working gases in eunpaget engines cpaahet in the, 


fact that the range se nieaeureneat is great and the temperature at, various points of 


Fig. 38, - Cirevit Diagram of Thermoelectric Thermometer for Turco jet Engines 


i- Jet nozzle; ee Thermoelectric pickups; 3- Junction vox; h- Indicator; 
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= Copper leads; o Thermoelectrode leads. | 


ee Sat. may differ. In order. to form a correct idea of the aseaeure, at it is measured 
at several Suite and the mean value of these measurements is then det ermined. 
a A. circuit diagram of the thermoelectric thermometer. is. given in Fig.38. 
At. four points of the reaction nozzle, thermoelectric pickups (2) (hot junction)» 
Tare installed; the cold junctions of the thermocouples are placed in the junction 
~ box 0), where they are. connected in series with each other. The tis free ends are 
“ connected to the galvanonetric indicator (4) by the copper conductors (5). 


ete Nb 


A thermoslectronotive force proportional 1 to the tenperature of the ¢ point being 
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| “measured is generated in ps Enereo couples At the ends of the ffore (5) connected | 
to: the indicator the total thermoelectramotive force of the four cinancountes is ace 
“tives the indicator La calibrated in values of one fourth of the total temperature: | 


of a single thermocouple and its readings correspond ‘to the mean temperature of the 


| four points of measurements. 


THERMO FYCKUP 


Fig.39 - Sridge Compensation of the Variations in Temperature of the Cold 
Ends of the Junctions 
The resistances F and 2a do not depend on the temperature 
1 3 


The resistances No and Rh, vary with the temperature. 


The variation in temperature of the cold end of the junction leads to a syste- 


~matic temperature error which is compensated in one way or another. In some cases, 


| oa bridge temperature compensation, whose diagram is given in Fig.29, is used. 


| Two arms of the ae Ry and Ry are made of Manganin whose resistance is prac- 
- theally independent of the temperature, while the other two arms ie and R, are made 


Toe copper, Leen, of a material whose resistance varies | with the temperature. At 


ad : 
SON a 


omer temperature, all the resistances are equal, and the bridge is balanced. A vari- 


~ation in temperature disturbs the balance ‘of the bridge and sieauee an addi tional 


~- (compensating) voltage in its diagonals , which is algebraically added to the thernio- 


“leLectronotive force of the thermocouple. ‘The range of temperature measurements is 


~ A, 


> fron 300 to 900°C. In designing such inotruments, particular attention is given to. 


“the ‘corrosion resistance and electric: strength of the pickup elenents which operate 
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| 
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at nigh temperatures; it is Likewise very in inportant ‘to ensure accuracy of measure- 


“ment of high temperatures. This is accomplished by selection of thermocouples of 


| Stew sensitivity to low tecperatures agi dl 


Section i | | 
INSTRUEENTS FOR VEASUIING THE QUARTITY AND CONSUBPTION OF FUEL 
Float Fuel Gages 

Instruments designed for measuring the quantity of fuel in the aircraft tanks 
ate called fuel gages. The desi gn of oil gages ce the oil supply on Lir- 
“erate is similar to that of fuel gages. The same arrang rement cay also be used to 

: measure the supply of oxidiser in Liguid-Jet ene Nees etc. inst eee based or 
oer the volume of the fuel by means of float are widely used. 
Since the fuel tanks are located at a considerable distance from the instrument 
panel, the snstrument must be of the remote-reading type. at the present yee te 
pag ek gages measuring the fuel supply in a single tank are used, a also im 
seats indicating the supply of fuel in all the gasoline tanks, the so-called 
i aeuaming fuel gages. 

| The operation of renote-reading fuel gages is based on the eurene Oe of 
os cnonelectric quantity, nameiy the height of the fuel level, into an electric quarnii- 
on'ty acting on a galvanometric or ration. onetric indicator. | 

A float fuel gage is designed on a bridge arrangement and consists of a pickup 


“Cand an indicator connected by a remote line (Fig.L0). 


eacaenee 


aa. ‘The pickup (Fig.l, a) is installed in the fuel tank and consists of a float 


anew o 


Kian submerged in the tank, whose lever (1) is displaced as the fuel is consumed. The 


Fann, 


~( di splacenents of the lever are transmitted to the slide (2), wiping the potentio- 
a (3) thus varying the ratio of. the resistances Ry and Ry of the potentiometer 
! a 
i are The corrugated box (4), through which passes the rocker lever (325: Pearenee 


penetration of fuel vapor into the potentioneter from the fuel tank. ‘Thanks: to the. 
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Fig.40 - Scheme of Float Fuel Cage “Pigehl - Pickup of Float 
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“elasticity of the box is the lever (5) is at osineea when the float. lever Gy: shifts, 
_ thus displacing, the sliding contact’ of the potenticneter. 
The use of such a pickup 4s inconvenient in casea where the fuel tank has a 


“ong narrow shape (Fighl,b). 


The indicator of a float fuel gage re made in the form of a two-frame ratiometer 


| forefa galvanometer). The arrangement of the resistances on the indicator panel 


ds shown in Fige4d. 
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Pigeh2 - Fuel Gage Indicator (scale removed). 


- ‘L Magnet; Pe Noving frames; 3- Instrument pointer; he Resistances 


a The en of aircraft differ in shape, and for this reason the fuel gages 


x ae 
S.5 


“perving an aircraft of a given type are assigned a definite mark; such a fuel gage 
is ; suitable only for that ; particular ape of aircraft. Depending on the shape of 
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the tank, the shape of the pickup potentioneter also varies. To. reduce the influence 
cof the external magnetic. field on the instruments and to eliminate the influence of 


“this instrument on others, a magnetic shield is used in the form of an iron shell 


~ placed over the body of the fuel gage. 


“The diagram of the Antograting Niel ase is given in Fig. 13. The resistances 


“Rays Rory» Roriy are selected in such & way that we variation in their values with 


the motion of the slide “corresponds to the. fuel level in the tank. The instrument 


set adetudes a switch used for change-over 
of the fel gage to the measuring of the 
quantity of fuel in all tanks. In this 
} : r : 5 
;, case, all the resistances hoy, Royy and 
Rorrt are connected in series; when the 
quantity of fuel is measured in separate 
Figei3 - Scheme of Integrating Fuei- 7 : 
| tanks, all pickups, except that installed 
Gage | 
in the particular tank in which the quan- 
Rows B 2 - Resistances of the 
# END ye Hh2 
q it Tit tity of fuel is to be measured, are short— 
pickups. | 
ed. 


Errers of Puel Gages 
a) Systematic errors are caused by the banking and pitching of the aircraft as 


Atinef Pickup 


fuel level atuving 


hers eantal fuga? a 


Figedd, - Error due to Inclination of Tank 





5 





Safty pitck Pte Aiain tees 
t 


Sats 





% tes 305 





_——_ 


Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7 


{DE Te SVR RES TERNEIR VASP O SATS ASLO SOQ TRS te EIST % ERE ne. 


OSC Fy 


a4 
- 
; 
"9 
: 3 
4 
a 
i 
$ 
3 
oe 
4 
; 
5 


mt PSTN RE CNM a S40 CN oR 9ST decoy tn atRDAti SOP sale thd vee 


~ well ag by the influence of accelerations of the aircraft, acting on the fuel in 


- the tanks. in inclin ations, when the fant ds tilted together with the aircraft 


“Pig, i the fuel gage ‘reading for one and the same fuel supply will differ aéeords 


ing | to. the position of the float. ‘The smallest error ‘corresponds: to the case when 
» the float is in the middie of the tank. A Similar influence on the error of the 
. instrument is due to acceleration: which change the fuel level, 
| The cause of systematic errors may also be ane deviation in shape, dimensions, 
“installation of ‘the tank from oe design value, 

~b) Instrument errors of fuel gages may be divided into temperature errors, 
-seale errors, errors due to wear, irregular gaps, fluctuations in the feed voltage, 
. ete, These errors are compensated and eliminated by the same methods as those uced 
in resistance thermometers, The total error over the entire seae ser the instrument 


does not exceed 78 of the nominal value. 


ric Capacitance Fuel 


Capacitance fuel gages, based on the use of an alternating-current bridge 


“+. (Fig.45) have recently come into wider use. Ti bridge is composed of the induct- 


ae -ance (1) transformer winding), the fixed capacitance (2) and tne variable capaci- 


an of the pickup (3), which represents a capacitar. The galvanometer (4) is 


a nt - 


-onnected to a diagonal of the bridge across a rectifier, 


The voltage in the _bridge diagonal is emebiree -d by an electronic amplifier. 


The bridge is fed with higher-frequency AC (,00-1.500 cycles) from a vacuurmtube | 


‘bod ped lator which, in turn, is fed from the electric system of the aircraft through 


ween 


oa vibrapack. 


if ve 


In the balanced state of the bridge, wach corresponds to the instant where 


‘ there is no fuel. in the tanks (or when the tank is completely full of fuel), the 


taint dn 


f sae 


a” fy. 


"1 bridge diagonal carries no current and. the instrument pointer is at zero. Pilling 


i 


-} the-tank-with~fuel- Cor ee the latter. case, consumption of fuel) leads -to-a- change - 


“4 
i 


a 
j in- the-capacitance of: the capacitor, since the divieatpes constants of the liquid 


dade, 
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Well as by the influence of accelerations’ of the aircraft, acting on the fuel in 
the tanks, In inclinations, when the tank is tilted together with the aircraft — 
. (Figsht), the fuel gage reading for one and the same fuel supply will differ accord- 


.. ing te the position of the float. The smallest error corresponds to the case when — 


of the float is in the middle of the cas A similar influence on the error of the 


instrument is due to neceleration: which change the fuel level: 

The cause of systematic. errors may also be any deviation in shape, dimensions, 
installation of the tank from the design values. 

b) Instrument errors of fuel gages may be divided into temperature errors 
 geale errors, errors due to wear, irregular gaps, fluctuations in the feed voltage, 
_ete. These errors are compensated and eliminated by the same methods as those used 
~ in eae nes thermometers, The total error over the entire scale of the instrument 


-. does not exceed 7% of the nominal value. 


Electric pupacetance Fuel Gages 
Capacitance fuel gages, based on the: use of an alt epnatinexcurrent bridge 
<L (Pig sh5) have recently come into wider use, The bridge is composed of the induct- 
te ande (1) transformer winding), the fixed capacitance (2) and the variable capaci- 
eee of the pickup (3), which represents a capacitar. The galvanometer (4) is 
connected to a diagonal of the bridge across a rectifier. | 
| The WOsPARe in. the bridge diagonal is amp. ified by an electronic amplifier. 
The oradge is fed with higher-frequency AC (400-1500 cycles) froz: a vacuumtube 


1 oncanate which, in turn, is fed from the electric system of the sreeaee through 


In the balanced state of the bridge, which corresponds to the instant where 
| there is no fuel in the tanks (or when the tank is completely full of fuel), the 


| ood peddge diagonal carries no current and the instrument pointer is at Zero. | 


i 


ee ‘tank-with-fuel~{or-in- the: Jatter: ease; consumption: of fuel) leads to-a-change~~ 


ae coni 


' 
7p tr the- capacitance: ofthe capacitor, since, the dielectric. constants: of ie qhewtin: 
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and air differ, The ‘change fete capacitance of the pickup Rien increases a8 __ 

the tank is filled with fuel) leads to an unbalance of the bridge. A current is 
* anebicad in tng Aeondls of a value proportional to the capacitance of the pickup. 
“and, consequently, to the fuel level in the tank, The maximum. deflection of the 


pointer corresponds to a completely rantas tank. 


PRR NG POA R 


Fig.45 - Circuit Diagram of Capacitance Fuel Gage 
1 - Intuctance; 2 ~- Constant capacitance; 3 - Variable 


eapacitance of pickup; 4 - Galvanometer 


The packup of the capacitance fuel gage shown in Fig.46, consists of a cylin- 


gd drical capacitor with an inner electrode (1) and an outer electrode (2)(in high and 


end 


L narrow tanks, the wall of the tank itself may be used as the outer electrode) be- 


"tween which there isan insulating layer. Between the insulating layer and the 

a | | ha 
saat outer electrode is the liquid whose level is being measured. An evantace of the 
fbf 


of ore pickup is its simple design and its small size, allowing a a number of 


pickups to be placed in a single tank and permitting a mean readings. The readings 


aeask des 


“it 
xf On 


-«4 Of the capacitance fuel gage depend only slightly on the bank or on the vibration 
oe 


arene 


i 


oi 


; in the angle of . pitch: of the aircraft. In addition, the ee of such instru- 


“ments are jess ‘affected by variations in the temperature of the surrounding 3 air, : 
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Caltee any ahange Ij temperature 1e snccnganiedby © simdltanenus change uk 
_ volume and in the dielectric constant, — 
| ‘A capacitance pickup can be successfully used in cases where the liquid i 
electrically ‘conductive or is chemically active (which is. particularly import tant 
for siquid-jet engines in which the supply of oxidant must be shedked: | 
One disadvantage of capac itance fuel gages jdes in the influence of the con- 
aeetine leads on the accuracy of measurement of volume; as a result, es 
shielded conductors or special connection diagrams must be used. Another disadvan- 
_< tage is the eepaciestoaniely of the phaeneoe 
The indicator of a capacitance fuel gage nay be designed as a magnetcelectric 
driaten tor connected across a rectifier, or as a directly connected ferrod:namic 
indicator. 
In recent times, clectrocapacitance fuel gages based on the deci aeisa of 
ae self-balancing AC cree have come into use. 
In such instruments, induction motors are used as indicators, operated by the 


amplified voltage signals from the diagonals of the bridge. 


Instruments Measuring Fuel Consum 
An indication of fuel consumption re necessary to evaluate the effectiveness 
ont of the operation of an aircraft engine, as well as the consumption of oxidizer in 
os Jet engines. There are flow meters that determine the total consumption of liquid 
i in kdlogran or liters, the so-called STECEDAUAne flow meters, and there are also 
: flow meters that determine the instantaneous hourly consumption oF liquid in. 
~ liters/hour. | 
‘The flow meters used | { present are based mainly a one of the following 
hese methods of measuring: | 


ae Neasvronent of: the hydrodynamic pressure of the Laut (orifice matecey: 
poo ae Direct measurement of the: rate of flow of Liquid in a°pipeline (volume 
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meters). 


ae Measurement of the units of equal volume of liquid fed in succession (rate — 


| gf flow meters). 

In the first method a throttling element, such as a venturi tube, a diaphragm, 
or. the like, is introduced in the stream : 
of liquid. The presence of this 5 orifice 
seaes bo the formation of a “pres ssure dif 
ference depend ing on the velocity of the” 
stream, This permits calibration of the 
measuring instrument in units of rate of 
flow or of volume. 

The manometer readings may be trans~ 
mitted over considerable distances by 
means of a remote connection. 

in rate-of~flow and volume flow 
meters a small vane 45 used as the sen- 
sitive element. The rate of rotation of 


. the unloaded vane is proportional to the | 
eae - Diagram of Pickup of Capaci= 
the rate of flow of the liquid. The rate 

tance ‘Fuel Gage . be 
. ae . of rotation of the vane may be trans= 
1 = Inner electrode; 2- Outer clec- | 
a mitted by a rerote connection to an in- | 
_ trode; 3 - Insulation; i - Fuel; : 
4 : dicating instrument, calibrated in units. 
€49 &9) e3 ~ Dielectric constants of the ; —— 


of consumption. 
Liquid, the insulating material, and : 


3 


pb vittersctnan ame 0 


ee the rate of flow of the liquid 
the mixture of fuel vapor and air, re- 


vb vamenad ott 


is a constant quantity or is ‘known in 


fa ccanatics 


apectively; h - Total height of the 
| each case, a measured yolune of fuel 
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hat , ert 
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‘ . é 
bh 


a 2 


pickup cylinder j x - Height of the ae, 
, Ein Ho | passes at each revolution of the vane. 
- | Beste Fever pena ner 

The contact of an electrical chopper, ‘ 
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“Sending pulses of ‘electric current to an indicator, may be connected with the spin- 
-. dle of the vane by means of a crimped spring. The volume of fuel passed is propor~ 
“ thonal to the: number of pulses. An instrument determining the quantity. of fuel : 
ew the so-called integrating flow’ meter, consists of a pulse emitter of rag— 
netic type and of an indicator-counter, Figure 47 gives the diagram of the pulse 
_. transmitter of a magnetic integrating flow meter, The magnetic Leangnitver consists 
- of a vane enclosed ina tube. 
The blades of the vane. (1) are made of magnet stecl and are magnetized. When 


the vane rotates, an: » alternating enf is induced in the coil of the pulse ae (S36 


ee 


= “ t einen ree Ne ens 
ag APTU RAAT ge AGA MLS NA Nm Yd Sm pm te rt comet te Nn ESS Ne hla ta eon th ele en en Rn OFT it “ 
< “ : 


The electric pulses received in the Salas relay are. fed toa counter whos e readings 


art 


are ppeoartineat to the eater mucber of pulses during the time of flight, i.e., to 
the volume of licuild that has passed through the measuring section. The pulse 


magnetic flow meter may also serve for the measurement of instantaneous consumption 
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Fig.&7 - Scheme of the Pulse Transmitter of the PACES ALS Magnetic Flow Meter 
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‘ 


| -undts of instantaneous consumption, ds’ used as an indicator. 


In addition to the above-described types of flow meter there are a large num 


ober of various types} compound flow meters intended for simul taneous measurement of. 


“total and ‘instantaneous consumption, are coning into wider use, 


Section 5. 
TACHOMETERS 
Tne Urumenys designed to measure the rate of rotation of an engine, 


turbine, 
Ly ete. are weaved tachometers. 


The electromagnetic tachometer, which is widely used in aviaticn, consists of 


Fig.48 - Circuit Diagram of Electromagnetic Tachometer 


1 — Stator winding of the pickup generatcr; 2- Stator winding of the 


synchronous indicator motor; 3 - “Sensitive ae! i - Spiral spring; 


5- Alwninun disc of magnetic damper; 6 - Scale; 7 = Pointer; 8 - Junction 


of magnetic damper; 7: - ‘Magnetic. june tion. of tachometer ; 10 - Permanent 


weenes of rotor of synchronous indicator motor; it - Disk; 12 - Rotor 


as 
of 
omek 
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of | generator 


oe 

me 
ey 
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a pickup installed in the immediate proximity of the aircraft. engine (or turbine), 


lof an indicator mechanically connected vith it and installed on the instrument pan- 


cingidy oe 


50. a 


= of the pilot and flight engineer, and of a. system of conductors ‘connecting the 
capa eerste (Figs8)s 
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“The pickup consists ‘of a three-phase AC "generator ‘of ‘the ‘LUG A48 type. “The 


“voter. (22) isa permanent, magnet. of a. high-coercivity alloy "Alnico". ‘The stator, 
ae up of sheets of transformer steel 0.5 mm thick, carries a four pole three- 
phase vending (1) in star connection. kh threeepronged plug-comector Ss used as 
| -Lead-out for the stator winding. The three-phase current of the pee, feeds the 
= tm elec tric “motor of the indicator, whese rotational speed is proportional 4 

to the frequency of the feed current, gaa Werétore: to the engine rpm. | 

| The winding (2) of the stator of the electric indicator motor is analogous to 

“the winding (1) of the gen nerator. The rotor of the indicator rotor is of the com 

-- pound type, consisting of two sross-shaped permanent magnets (10) made of a copper- 

cca alloy with a high residual induction, and of a metal disk (11) made of non= 
o gatis metal. The rotor of the motor is shown in Fig.49. 
, When the magnetic field of the stator rotates rapidly, the magnet (2) is at 
first unable to follow it, because of inertia. However, the rotating field induces 
in the disk (1) currents that interact with the field, producing a mechanical moment 

_ toward the field of rotation. Under she action of this moment the rotor 
pes to ovate, When it approaches the synchronous speed, the magnet (2) will be 
= put into synchronous rotation. To facili- 
lata tre initial motion of the magnet at 
the ie rates of rotation, it is installed 
on a bushing and is connected with the aie 


by the spring (3) which allows the magnet 


t % 3 
Secrinae tae se trees Ss 


t 
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with the bushing to be rotated through 360° | 
| Pig. 1g - Rotor of the Tachometer Ine 


2 * 
poche widens sie a $ 


with respect to the rotor shaft, The pure 
dicator Motor 


pose of the metal disk (1), rigidly con= 
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Sannan frente A Ray 
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Papeete 


;le- ‘Disk of nonmagnetic metal; 
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: a 2. - Star pis 3 - Spring | : 

ee | os aes tate bringing | the electric motor into ‘Syn 
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Essa of ‘the tachometer pickup changes ‘aodtenty . 

“i The. output end of the. shaft of the electric motor eaeeanas rigidly abbas ched, 
"the magnetic unit (9) of t the. tachometer (cf. Fig.48), consisting of two plates with 
" molded —in cylindrical Saetanant magnets installed in such a way that the ‘opposite 
- poles of the. nagnets are opposite. each otter. The sensitive acute is the aluminum 
"disk G) with a low Menperatury coefficient of resistance, which is installed in the 
air gap of the aaenetie aay between the faces of the cylindrical magnets. The eee) 
sitive element is connected. with the pointer (7), which is rigidly susie its 


- spindle, 


When the magnets ‘anit (9) of the tachometer rotates together with the rotor 
of the motor, . eddy curren eae produced in the sensitive element; their value is 

“e ‘Proportional to the rate of rotation of the rotor of the indicator motor and conse- 

- quent ly also to the rate of rotation of the aircraft engine. The interaction of ie 

~ eddy currents with the magnetic field of the magnets, pressed into the plate of the 
magnetic unit (9), produces a mechanical moment acting in direction of rotation of 


«the magnetic unit (9) and proportional to its angular velocity. If the magnet ro- 


“tates at a rate of n rpm, then the moment 


} Gens 


7 _ where a is the coefficient of proportionality , acts on the sensitive element (3). 


—Mais moment is resisted by. moment Mn en by the flat spiral spring (4), which . 


ve Pat 


here a“ is the angle of potalt on of the paving system; 


'¢ is the elasticity of. the spring. 


_oand 4 the indicator pointer « of oe Anotrument. will rotate through | a. “definite angle 
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as ; This | means that, at a. . given | rotational speed of the magnetic unit, the disk = 
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os co 
‘ te ‘ ‘ F . ~~ 


ss Semeespondang to the equality of. the turning and opposing, moments (an = ca), de,” 


‘the angle a of the indicator dial or the. needle rotation Ls proportional. to the nu 
ober of rpm of the engine ae 


tase RSP UME ecskeet Ubeteeease aed, Wyilod Daa br glewions Stee WES ia teines: sgl agate aye 
cian conker tt APTN AEN AI, rate a arty 5 


(III.16) 


The tachometer is eames with a ragnetic damper (3), which damps the oscilla- 


tions of the faving system made analogous to the magnetic unit. ‘The damping is 


affected by generation of eddy currents in the body of the aluminum disk | G5). The 


damper considerably facilitates reading es the instrument. 


Fig.50 - Indicator of Dual Electric Tachometer 


1 - Synchronous electric motor; 2 - Gear wheels; 3 - Synchronoscope 


Multi-engine aircraft use dual indicators designed on the same principle as 


the above-described electromagnetic tachoueter. 
162 
wd 


+§.,chronous starter and two magnetic tachonoters with pointers. The dials are rotated 
f 


500Y means of heared couplings ; one of the spindles is hollow (Fig.50). 
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' The indicator is Peovide® with a aynchronoscope whose seoree is shown es 
oo Fig.51.. Seca aete hatin arnePeinac beside inane irtmertamac annem geen mend Seen = sme | poked 
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ow iged | by ‘the two tachouator “pickups. The: rotor (2) of tng ‘motor has a three-phase - 
“winding ana ds fed from one ‘of the. pickups through contact rings ‘and brushes, The | 
winding (3) of the stator is also of the three-phase type. This stator is fed from 


"the other | PEO: “The shaft of the rotor ‘ends in the indicator disk (4). 
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Fig.51 ~ Synchronoscope 
t - Induction motor 5 2a Rotor} 3- Stator ne: 


L- Indicator disk 
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the directions of their rotating fields are different. If the eeSitiensy (apace): of 


~ both pickups is the same, then the ragnetie fields of the rotor and stator of the 
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“ apeed of rotation (and requency) of one: of the pkeups is higher ¢ than that of the 
other, then B resultant rotating field is forned with a velocity equal to the differ- 


ence between the rates of rotation of the pickups. The rotation of the feere takes 


7. 


piece. ott pe henge ite ‘ + Reh eA eee Pere tee OPT ar Pes ‘ 
. £ 1 


sta! 
ey 


| Place toward thie pickup with the higher rotational, speed. 
a The resultant field impels the rotar and ue indicator disk. The esenion 


of the disk ay be observed through a slit on the indicator scale, 


trrors of the Slectromagnetic Tachometer 
ins trumental errors. The variation in the temperature of the ambient air 
causes a variation in the electric resistance of the sensitive clement, in the mag~ 


Sadak 


'S netde induction in the gap of the magnetic unit, anc also in the elastic properties 


sete RSMMC LOTT sdeshion ela Wi SS NRL ITS 


ef the hair. With increasing temperature, she induction in the gap decreases, lead= 
ing to a decrease in the turning moment. This leads to the appearance of a temper- 
2 ~ ature error compensated by a therm mosensitive magnetic shunt whose resistance in- 
" ereases with the temperature; a5 48 result, the magnetic flux passing through the 
_ shunt decreases, thus leading to an increase in the induction in the gap. 
The instrument errors due to friction wear, elastic hysteresis, as well as 
Ni aah scale errors, etc. are the same as in other electric — 


The cores error of the instrument a% t = sxceed 35 rpm. 


Electric, ferrodynamic, and other tachometers are also usec in aviation, but 


-all of them are inferior in reliability of operation, convenience of use, cost, etc. 
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The ‘DC electric tachometer is a systen consieting of a hv senematen te collec=. 


‘6-1 tor generator with a ‘permanent magnet. in the stator) and an electrically connected 


weg 


‘| Snddcator designed in the form of a nagnotoclectris galvanometer. 
st These instruments have not found wide use because of the inadequate peliabili- 
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ity of the tachometer pickups, whose transient electric resistance varies with the 
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“| he effort to increase the reliability of operation of the tachonster has 26s 

to the. design. of electric tachometers with: AC generators which can be made without. 

~ pliding pentacys (for exampie, a synchronous generator with a rotor in the form. ‘of a 
- permanent magnet). Both the voltage and the frequency of suc ch a . generator < are . pro- 

» portional to the rate of rotation of tha arnature, 

“ =. As an indicator for an AC tachometer, the following may be used: 1) a high- 
-pensitivity and precise Bagnecoesteclyac ga alvanoreter connected across a rectifier; 
and 2) a ferrodynamic AC galvanonet er in which the permanent magnet is replaced by an 

* Tbaectromagnet. excited by a special winding through which there flows a current of 
the same frequency as in the frame. The use of an adacelon gaivanometer is also 


possible. 
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CHAPTER IV 


PILOTING-N IAVIGATIONAL aeThee aNTS 
SECTION pi 


BRIEF GENERAL INFORMATION ON MEMBRANE INSTRUMENTS 


For the measurement of altitude, apaed, and vertical speed of flight, aerana 
/ Anstrunents < are widely used on aircraft. Their operation is based on the seaguces 
\5 ments (by means of a corrugated box, manometric or aneroid) of a certain difference 
of pressure that is functionally connected 
with the quantity being measured. 

A manometric box consists of corrugated 
membranes fused or welced at the ends 
(Fig.52). Usually a pin, connected with the 
region in which the pressure is being meas- 


Fig.52 - Elastic Elements of 
ured, is attached to the lower rigid (plane) 
Manometric Instruments 
center. 


- Aneroid box; Pp, * const; 
Tne upper rigid center is connected 
b - Manometric box py # const. 
with a transmitting mechanism that moves 3 


_.'pointer. When uaere is a difference between the Bneee ce inside and outside the 


, beth membranes tend to expand if the pressure Gate is less than that outside. 


Since the lower rigid center is fixed, the displacement of the upper rigid 


If the inner cavity of the membrane box is heeneteenty sealed, i.e., if there . 


jel 


ae 


3 no opening for the admission of air and and all air has been exhausted, such a box 


Sito ee 
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s called an aneroid®, 
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“The relation between n the deformation of the chamber and the effective pressure 
. caifference. is. called a characteristic of the chamber. 
The flexure of tha: nenbrane dipente on the material, eniickness form, depth, 
“and 2 number of ‘corrugations. — The charactebistic 8 of the membrane. may be rectilinear, 


| decaying, or rising (Fig.53)- 


wee 


The deformati ion of the chamber is 
‘tranamitted over a transmitting mechanism — 
te the instrument pointer, and minor 


translational displacements (rivet or 


Metin of rigtd conker ae 


mame te en 
"Pressure difference Op | 
8 ae stroke) of the elas’ me trans= 
Fig.53 - Characteristic of Corru- ? 
formed into measurable rotational motions 
gated Membranes | 
he indicating pointer. In some instrue 
1 - Rising; 2 - Rectilinear; 
soldered membranes, 
3 - Decaying 


. 


i.e., the number of chambers, is increased 
“to inerease the stroke, The transmitting. mechanism ig made in such a way as +0 


.. allow regulation of the instruments by dare the length of the levers, tne angles” 
32d | 


gears them, etc. Owing to this feature she use of standard scales with divisions 
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~4 plotted in acwanc? is possible. Most often reciprocatin 1g, jointed, horseshoe, and 


x 
tg. 
£h 
gos 


Sa Eranee  dacdiosiag mechanisms are used in aircraft instruments. Whenever possible, 
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The Barometric Altimeter 
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1. The absolute elevation above sea Level, corresponding to a pressure of 
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{780 aaa Hg and a tenperature of 15°C. 
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2, The true altituie above the ground. 
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there are various methods and instrunente for determining these heights. The 
"absolute and relative altitudes are. measured by a barometric altimeter. The true 
_ altitude is measured by a radio altineter. 
re “The ae altimeter is based. oni the use of the relation between pressure 
a) and height, expressed by | the standard paronetric formula or the Laplace formula 


| (ets Chapter II). 


| ae qT : yar ne | 
Ae fot! ; 
H= "| Cn) 


Hs 18400| 1 t dias? a 


soir 


273 Pa 


The barometric altimeter consists of a metallic barometer with an elastic 
.. element in the form of an aneroid chamber, in whose inner cavity the residual pres- 
Ls. sure amounts to 0.15 + 0,2 mm Hg while the pressure at the outer side is eaual to 
7... atmosphere. Tne deformation of the chamber is greatest on the ground, where the 
| atmospheric glial dis highest. On ascent toa certain height, the at: mospheric 
5°, pressure drops, the chamber is relieved of load ae tends to be displaced upward. 
2 Figure, 51, shows the kinematic diagram of the twin-pointer altimeters used at the 
(1 present time. | 
. To increase the accuracy of the readings, the sensitive element of the instru-. 
ak , 
44. oe is made a the fecu of two aneroid chambers (1), whose inner cavities are iso- | 
ee ‘ ; 


i 


42.4 lated | from each other. . With variation. in altitude, the atmospheric pressure acting 


sare 


on the aneroid chamber from the outside also varies. The force of the atmospheric 


} 


pressure is counteracted by the force of the elasticity of the chambers, To each | 


a) 


mt OTOL chambers. Any variation in atmospheric pressure causes a variation in the 


ol 

= 
- pnEbe pressure there corresponds a definite value of deformation of the an=- 
[ 


i sabacieian of the chamber, 


~the deformation of the aneroid chanbers is: ‘ransmitted across-a transmissing~", 





i 
a 
1 
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90. 











ee 

SO Agegapamriwnaneen trpes reer 

qos ‘ : 
pers et Meee «ap ae sets, pe, geal BA le bendeniatt pier iad gcibti aa 
. : 





mame Decliassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7 


\ 


Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7 


‘ 


ns. The transmission of motion eau the an~ 


| ) i cece 
eroid chanbers (i) to the toothed ‘aieii 0 is effected by. a » reciprocat ng 
ism, 


i 


Steet 
ae 
-— 
? 


—_ 


a 


St 


Fig.5h - ‘Kinenatic Diagram of the Twin-Pointer Altimeter 


i Aneroid chamber; 2 - Temperature compensation of the first kind; 
+ Tie rods, eo Bimetal. plate (temperature compensation of the second 


kind); ae - Shaft of a toothed sector; 6 - Sector; 7 - Gear; 8 ~- Large 
, 


ear wheel 9 - Gear; 10 - Shaft; li - Spring counterpoise; 12 - Rack; 
g 


13 Base; lk - ~ ‘Scale of barometric pressures 15 - Instrument scale; 
as ’ 


16 17 ae: 18 - Gear ‘transnission; 19 - car gieex: 20 - eoune 
2 : i ae 


vorposes 2 - Spring 


| ear 
“The teothed sector 6) engages the gear (1) to whose shaft the J large gee: 


eed (8) is attached which: in turn engages: the gear ). 
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od, 


| gear (9) the ‘large pointor (6) is mounted. 
- Rotation of the gear (9) ta coananiqved at a gear ane. of 205 over the gear 
| tranamisaion (1g) to the smail pointer (17) which is mounted on a hollow shaft | 
_ through which the shaft of the gear (9) gasses, The large pointer indicates hun 
. dreds of | meters and the small pointer thousands. | | 
: The anerold chamber in the pickup nechanisn is mounted ae saa 
* pase (13). Tis base may be rotated by the aid of the rack (12), wh hose rotation 
ve transmitted. to the base (3) and the seale of the. Sanameer ic pressure (1a). 
“counterweight (20) is used bo balance? the drive rechanisn. 
In order to avoid influencing the reac dings of the ‘Snstrument, the weight of - 
"the chambers themselves must be counterbalanced by she counterpoiss (11) attached 
by the aid of the spring (21). 
= The spring of the Scuiewenwavent is designed to hold the connections together. 
“By rotating she shaft on which the spring is mounted, the initia position of the 
“rigid center of the aneroid champers may be displaced, This makes it possible to 
utilize the straightest part of the curve relating the stroke of the chambers to 
_. the altitude. 
The instrument is placed ina standard hermetic body of 80 mn dlamever. The 


‘he nase. 


- body communicates with the atmosphere over the air-pressure intake. The scale of 


a ‘the inatrunen it is graduated fran 0 to 10, 900 Te 


Errors of the been Altimeter 


Eros oe 


‘systeratic errors are caused by the use er an indirect method of measurenents — 


Mad in the baronetric altineter, since this instrument does not measure the altitude 
ges ; 


} ; 
ae itself but the pressure corresponding to. a given altitude. The relation between 


ote ~F 


ae the pressure and the altitude is determined by eqs. (11.3) and (II.4). 


on 


2 
t 


_ ‘The altitude of flight H depends not only on the pressure corresponding to a 


ansehen phameteum of tr, Bo 


“-ghver aititute py bot ‘aiso on the pressure Po on ‘the: ero and on the adaveibution 
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i 
f 
‘ 
4 
r 


spa enit couse Mech ny ae ona Tee SEMEN De ome tert US om gre 





: 


9 


piloenser sagen sanpamnncsncrenrnn 











5 QDess Rian partite 





 Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7__ 
classified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7 


“of temperature tnean: 
. The deviations of these quantities from their calculated values, and the in- 
“ ageuracy, of the relations defining the value of H, Pus Th ‘means 1° lead to sys~— 
tematic errors. ~~ : “a | - 
The principal systematic errors of the altimeter are as follows: 
1. Error caused by the variation in pressure on the airfield before take-off 
of the aircraft.” At a variation in pres: ure st the wietien, the pointer of the 
| instrument shifts from the neutral positi fon and the instrument shows a certain alti- 
ae tude despite the fact that the aircraft has not taken off. This error is eliminated 
_. by rotating the pointer of the instrument by me of ‘ rack and pinion, with re-_ 
= peat te the fixed scale of the instrument, togetner with the entire mechanism, 
= sensitive elements, and hatencenie scale, 
It must be remembered that the use of a rack anc pinion for changing che 
| relative position of the pointer and geale and for setting the pointer to zero at 
"various lengths of the chamber stroke (because of the various values of Po): au 
. zero altitude, requires the use of a sguie that is uniform with respect to height. 
With such a scale, at any altitude, one and the same angle of rotation 4a of 
- the pointer corresponss to a definite increment of height AH; despite the fact that 


~~ the initial reading was displaced a and the corrugated box shifted to a new position, 


eet eneaenbae inti” bn eng anak ap oe 


~~! this will not lead to an error. 

| When the pinion is rotated, the barometric scale and the pointers indicating © 

— the. altitud ie are shifted toward each other, go that a loss of altitude will corre- 
aren to an. increase in pressure. | | | | 
‘After setting the pointers of the instrument to the zero aiyserce of the alti< 


, tude scale, the. true yalue of the pressure Po at the airfield is.set on the pres- 
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sure scale. This is accomplished by use of the gear wheel (19), assuring the re- 


| quired ratio between the rate of rotation of the pare of ue anetrwneny and | ee : 
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| of the ‘Pressure: scale. 
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2s “Beror due to a variation in pressure at the airfield after take-off. If, 
; eee pressure at the airfield WaS Pj, the pressure aban 


altitude will be 


-. and the ree of the instrument iti: corres spond to this pressure. Let us assume 
that, a al the level . of the airfield, the presswre has varied and has now become Poy}: 
. this will tend to a variation. in the yalue of the pressure Py at all neights and 

a thus to errors in the measurement of the altitude of flignt Hes vhis error is Gas | 
“> 4nated by rotating the barometric scale to tera values, corresponding to the 
: fogether with the paronetric scale, the entire mechanism.and the 
... pointer of the instrument are rotated and a correction is introd ced into the alti- 
“meter reading. The value of this correction is calculated as follows: 
If the calculated pressure on the ground is equal to p,, the actual value of 
the pressure on the ground is Po}: and the pressure at the altitude of flight is 
5). equal to Py» then the altimeter will indicate the height in accordance with the 


ee t : b= ghee 
oe H = 18,400 - , 2 , while the actual value of the height 


as Hy” 18,400 1 + neste Log since AH = Hy - H, it follows that 


he 
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. i x 
arene en br cf Anat tbe Pa Vanda 
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ot ; 
Hy eae log Po, ~ 108 PH 
al TE and Hy rr 
i Po bog Pg ~ 108 PH 
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| 10g Po, 7 108 Pi 
AH * Hy - H* H- (1.2) 
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3. Error due to a change in the mean temperature of the colum of air t tmean to. 
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nas jthe-valus tgg57" The ragnituie of the error may be" found from the relations" 
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“Ha aoe 


(1¥.2) 


The correction in ——— can be made by means of the rack 
and pinion. | , | 
‘Instrument Errors. hia altimeter, Like any other membrane instrument, has the | 
| follodng characteris stic 4gidemanent errors: 
1. Seale errors cue to junperfect adjustment of the mechanism and wrong scale 
: setting, 4.e,, errors cue to the noncorrdsponderice of the 
= pointer with the divisions of the scale. 


_ 2, Errors due to friction, irregular gaps, unbalanced parts, nonherretic ine 


one 


7 strument body, elastic afterwork, anc hyateresis 


eee 3. Temperature error? due to change ‘dn the elasticity of the sensitive element 


see 


a with any variation in temperature. Tne variation in dimensions of the parts of the 


“ “Fe ws 


ao pickup mechanism may be disregarded, sindé ie such variations do not lead to easiest 


an mn 
: 


tial errors. The temperature errors may reach as much as 3% of the instrument 


se 
wart 
i 
~ 
| 
~t 


readings. To eliminate these errors, & kinematic or 4 dynamic temperature compen 


“Instrument, ‘temperat ture errors are inherent to all instruments with elastic 


ements made of materials: mpoce modulus ‘of elasticity varies with the temperature | 


i 
i 


£ the s surrounding air. For this reason | the question of compensating these errors | 


is of great. interest. All. data on the “uperament temperature errors of altimeters 


ee wie eo IM, EE + 


and on the method of their compensatron is applicable to at other instruments with 


sinsise elements. (speedometers vacuum ‘gages, atce je. :, * a | . 
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Kinematic Temperature: Compensation. The main source. of instrument temperature) 
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: errors. is “the change in che. ‘médulus of elasticity E of the eensitive: ‘element with 


| variations in temperature, ‘The Law of variation a the modulus. of olasticity may 


be cane tAered: ‘to be approxinately linear, 4.e., it may be assumed. that the rene. 


ae of ‘the sensitive element h 1 varies according to tne hase 


he Sis Gn 
A wee / ) iad, a ee 
és pA (prs — 


” =r Eis ins rodulus of elasticity; 

| Be is the value of the modulus of Glasticity for T 
b is the coefficient of proportionality; 
T is the absolute temperature. 


Let us assume that, ata given altitude, i.e., at a certain load on the sensi~ 


7... tive element, the pointer is rotated through a certain angle. 
| ye o 


With increasing tem 
perature the modulus of elasticity de- 
-ereases, and, in spite of the fact that 
| the load on the sensitive element remains 
unchanged, its course will vary so that 
the angle of rotation of the pointer will. 
lise vary. The higher the temperature, 
the greater will be the angle of rotation 
| —— | of the pointer at the same load. This 
Fig.55 - Bimetal Temperature Compen- 


| me -variation in the angle of rotation of the, 
sation of the Second Kind » , 


pointer may be considered an increment 
in the transmission ratio of the ce : 
| one 
4 ~ Tie rod- i | 
f | In 1929, G. .0.Fridlender proposed the. 
correction of the Pbgdings of membrane instruments by means of a kinenatic temper- 


‘ature compensation wider would vary ‘the transmission factor of the’ Anstemient by the 
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necessary ratio. — In 3 a _two-pointer altineter this is Socoretianed, br ‘the y pimetal 
“plate. (4), installed on the shaft (5) of the toothed sector (cf. Fig. sh) 
| : | - Such a compensation i called & binotal temperature compensation of the tees 
end: “Ite design is shown in Fig. 55. a 
oy ‘The bimetal plate (2) consists of two 0 welded, soldered, or fused metals with 
“oo efferent | coefficients of HEMDSTaLUe expansion. 
| A bimetal plate consisting of invar ana steel is used in membrane aircraft 
a psc rohen tek 
With increasing temperature, the bimetal plate bends in such a way that the 
So eieea with the higher temperature coefficient (steel) is located at the external 
(convex)side. 

This property of a bimetal ; plate is utilized to change the transmission factor 
of the instrument. With increasing temperature, the rigidity of tne chamber de- 
creases, leading to an increase in the camber or curvature of the chamber under the 
same load, i.e., to a decrease in the altimeter reading. 


To compensate the increase in camber, the transmission factor must be reduced. 


wot 
tres 

bo 
Pa 


4 
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| This may be accomplished by increasing the length of one of the driven arms or de- 
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creasing. that of one of the driven arms of the transmitting mechanisms. 
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In an altimeter, a temperature compensation of the second kind is made on the © 


hinged eseny 2. 
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ne 
ee 
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driven arm. The increase in Length of the driven arm, with increasing temperatur 


Ta Srpamses 
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iis affected under the action of the curvature of the plate (2). With decreasing 


wa 
we 
‘ 
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Ey 


tenperature the curvature of the chamber and the length of the driven arm decreases. | 


To reduce ‘the transmission factor of the instrument, the bimetal plate must | 


- oe, 


be. installed : as shown ‘in Fig.55, 1.@., the steel part of the plate must be placed. a 
| alongside the shaft (3) of the toothed sector. The bimetal compensation, based on | | 
the driven arm, will completely coapensat the error at only two points of the. 

scale; at ail other. points, the ‘compensation is only partial. 
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“the Dinetal plate must, be placed on the apiving | arm. However, for reasons of de~ 


4 
. ‘ 
“% 


“ign this. is not always possible. | For example, ina perenne pre a binctal 
a Bate eannot be mounted on a driving member. 
A ‘bimetal temperature ‘compensation of the second ieind, / Feducing the temperature 


: error over the entire seale of the instrument, may itself serve a5 a source of ere: 


i 
rf 
E 
a 


/ yor. For example, with an unloaded chamber, a variation in temperature will not 
cause deformation of the sensitive element, while the arm of the toothed sector will 
a change in length. This leads to a change in the transmission factor of the ae 
} | “ment ne Santee and cause errors in its Rea TneR It. Ais obvious that this error 


“wl exist not only for an anieaded™ state of the chamber but over the entire r range 


: : 
Nth tae 


~ of operation of the instrument. 


i 


sod A working diagram of the temperature compensation of the second kind for vari-. 
-- ous values of the angle w between crank and piston is shown in Fig.56. 


sed Under the influence of a variation in temperature by AT°, the driven arm re- 


- cedves an increment in length of 4a, and the shaft of the toothed sector rotates 


iit 
TOL Sowsmand 


- through an angle Aa, whose value deecenanes the error of the instrument reading. 


‘in this case the tie rod 1 is rotated by the angle 48 .. The value of the angle ba 


= 
oF, 


“>| 
~ as indicated in Fig.56, may be determined from the relation 
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at ¥ 7. > the angle ds Aa # 0, For all values of y¥ different from > every change 
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+in temperature, even for. the unloaded state of the chamber, will produce a dis- 


apy 
rs 
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A SP ote, 


__—| placement of the pointer. ~~ 


AR... 


BEF caeod : ho 
: a ft ds impossible to satisfy the equation "* in the unloaded state of the _ 
{cose of a barometric. altineter. On the ground, at zero reading, of the instru-- 3 


§ | 
9 ment, the load on the chamber reaches a maximum, while its unloaded position corres, 
a ae’ 


{sponds to! an altitude at. which the pressure Pa is equal: to the residual pressure 


os erent noaertaihadsetg shi nen deste 7 Sp ea teed eT 2 Mite TN cats ome eat eine nim pear cet pa ETE RE TIA SY IN IEA NS BABS Nn soporte 


inside the aneroid chamber. For this Feabon, » we must assume that vo x oe. which 


a 
e rs 
3 oo ensanes st veges eR eh ser Me leg te Si ante S maa SRE Ng Ta SER RIO S, . 4 oterrinaint ons ame ech Greeters ee Ny 





8. 














Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7 


H 


i ; 7 


ra | 


Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7 


“Leads ‘to errors an ‘the instrument reading due to the influence of the temperature 


"compensation of the gadond kind, » To eliminate this error a temperature compensation 


of the first kind is used. This type is installed on the upper rigid center of the 


"corrugated membrane thus causing any varigtion in temperature £6 affect the origin: 


of the reading. 
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__-pattons is taken into account. Figure 58 gives the sseieton of the crank drive of 


ae the altimeter corresponding to a certain value of the height H. 


a _ ‘The caaber hy of the compensation he ‘the. first kind is directed opposite to 


the length of the arm of the toothed. sector. The angles between the soperes mem 


lees are taken sn in accordance v vith n Fig. 58, vith the angle ‘of rotation ¢ ‘of the ‘shaft | 


eS .. Oe unaecat aie eaaeelie 


In calculating the kinematics of the. Anstrunent, ‘the. operation of both compen- 


Fig.56 - Operation of a Bimetal Compensation of the Second 
Kind at Various Values of the Angle y 
a - Angle yw < 90°; b - Angle w > 90°; c - Angle y = 90° 
Aa = angle of rotation of the shaft of the toothed sector under 
the influence of temperature change Aa -— Increase 


in length of oe - Angle of rotation of tie-rod 


~ the stroke of the chanber. 


' The camber ho of ue compensation of ‘the second kind reduces . (or increases) 
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Fig.57 - Bimetai Temperature Compensation 
of the First Kind 

lL - Bimetal plate: 2 /- Adjusting screw; 

| : one 


3 - Aneroid box 
“noted by a. 


The distance aB = r is defined by the 
‘relation 


r=acosaticos 7. (I¥.5) 


With decreasing temperature, the 


elasticity of the box increases and its 


deformation diminishes by the value m; in 
this case the angles« and y vary. In or- 


‘der to keep the instrument readings com 
Fig. 58 - " Reciprocating Drive of - eo td, , 


-Stant, it is necessary to hold the value 
Altimeter . a Ss f he s 
of the angle a constant. In that case 
a ~ “Angle of rotation of the shaft : eS . | 
iv.5) takes the form 
of the poeta? eeeter: i - Length 


of connecting rod (rocker); a - Am of rom y= (a—hz) cos atl cos 1-0. 6) 
| toothed sector F Aerauialect) | 


Lett us aeerack Ge (iv. 5) from eQe (rv. é). 
V5 -{Since-the. absolute value, of the. acgie: X. ia. the. altimeter. is. close. to zero, while the 
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“Toay be equated tox zero. Then we have 
sad ee 


EA oO areal . a — (1V.7) 


ue 


to. ‘fina the value of ‘the "strokett ot the compensation of the first and “second 


a . 3 e > 


cts 


“hein (hy 5 ha)» eq. (IV. 7) is solved for a certain constant value of the tetiperature 


4 a 
~/ (when hy and h2 are constant) and for two assigned aching vale of the pressure 


{ a eck 
~ (usualy for the pressure at ground level ana the pressure at a certain altitude). 


Te the temperature and pressure are known, it follows that the values 


"@1, Mlyaw 22, Mp. 


are also known. 


After substitution in eq.(IV. 7 we obtain 


Ay cos 2, = m, — hy,| 


Ay cos ae = My — hy. jf (1V.8) 


tons. The dimensions of the plates are so selected: that their stroke is somewhat 


F nywind 


,vdenger than the calculated stroke, i.e., we take 


hi > hy ee nt, > hy 


at 
AS 


t 


§ 
WH Buaon ry so Win Ons: 


The camber of the compensation of the first kind is dete:mined by the equation | 


4 
it 


. 6 


i 
t 


Ds: 
gM 
ie - 


om 


i 
f 
aI stay, 


ee. 9) 


ee 
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i 


Set 


he where L oe the length of the compensation | of the first kind; 


‘ ie 
hese 


sate oat wobesieh bee ne SR IRS AR ORT RA A! LANNE atin et HY hint ORE Pmeywarete ty 1 


- At is ‘the inerenent of temperature; . 
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, : 
; F te 


(1V.10). 


ay aii ee are the coefficients of Linear temperature expansion. 


The caniber of the compensation of the second kind is calculated by the equation 


yaa[t+ 2 bv af -j bp bata |. 


(ven) | 


| “The reguiation of tne compensation of the rirst kind is accomplished by rotat- 
Soo ing it about the axis (Fig.57)- To regulate the compensation of the second kind the 
a | seiee (1) is backed off or screwed in and, 
at the same time, displaced along the axis — 
of the shaft (3); cf.Fig.55. 

In the USSR the kinematic type of 
compensation is used considerably more of- 
ten than the dynamic compensation. This 
2 explained by the fact that the regula- 


‘tion of an instrument provided with such 
Fig.59 ~ Power Temperature Compensation 
a compensation is much 8 impler. 
1 - Binetal braces; a2 Menbrane box; ; 
| - ae | Dynamic ‘Temperature Compensation. 
3 - Spreader pins 
othe operating principle of the dynamic 


S— temperature Sepidation is based on tne fore of action of the bimetal clamp (1) 


saree 


oon the sensitive element of the instrument (2). over the spreader pins (3); (Pig.59)4 


: aneed 7 
4g 


ie The displacement h of the rigid conter of the elastic elements, due to the de- | 
0 gormation of the bimetal ‘clamps is determined by the quantity 2B = sin as 


The. compensation operates in the following way: 
7 Tat Us aseune” ‘nays ‘at’a certain: altitude, “the temperature of the surrounding = 


B te 


t 
5 a 
BEA pees Si cod serene Si FMA Rane INO NRE TN oe ERLE TE WRAPS ES tN IR A TOE te 629 Gnd renee 
Spe 7 
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ah os 
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" nediium ‘ds increased ‘while the atmospheric pressure remains constant. The box is nore 
: : ‘strongly compressed than before, and the instrument will give decreased readings. 7 
oo eliminate this error, the bimetal clams must be flexed, under the influence of 
th e tenperature change, in such a way that thelr force of compression against the - 
rigid center of the aneroid box is reduced, 4 Oa that the displacement of the rigid 
“center Of the bax at ‘unchanged load also remains constant. The variation in the box, 
vat constant pEaseuese due to a change of its ‘elastic properties wath a cnanee in the 
__ temperature of the surrounding air, must. be compensated by & change in the concen- 
“trated load from the tie rods. 
‘With increasing temperature, the aneroid box, at the same atmospheric pressure 
: and be compressed more, while the compression of the spreader pins becomes less. At 
~ decreasing temperature, the picture reverses. | 
: The direction of curvature of the binetal braces, their shape and thichness, 
es ~ the position and number of the spreader pins may be varied according to the require 
os ments of design. | 
ee By using a carefully nera compensation and by replacing the 
oe ‘"~'single-pointer instrument, by a twin-pointer type, the accuracy of the altimeter 
sss __Feadings is considerably increased while the outside dimensions of the standard body, 
= “of 80 om Seer need not be changed. ‘The allowable scale errors of modern alti- | 
ve “peters at t = 15°C amount to 30 m at the beginning of the ards and 200 m at the 
"Tend at ter 50°C, the errors fluctuate within a range of 50 - 250 m and, at 


sonnet 


t = = - 60°C, arount to ee - 300 m. Honever, such accuracy of readings is unsatisfac- 


eet 


| “tory for modern aviation. The probler of creating an exact and reliable altimeter 
46. 
“leontinues to remain one of the ost urgent peoneme of the aircraft—instrument 


LES 
* die 


oh Be 
Bann 


16. 


Bs poullding industry. e 


el woe a om Airspeed Indicators | —° | “yan 
i | : 


| si |___the_ presently. extating instruments. 4 mee: senile measuring. the. ground. speeds. _ 


i 


BG, ites: the. speed wath, ea to the around, allowing for the winds Anstead,. they. indi! . 
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i r 


+ 


‘jeate the speed of the adrerart with, | reapedt te the aire 


The aivepasa indication (Fig.60) consists of a pickup (a) installed outside the: 


» 


“aireraft (or example, under the wing), which picks up the static and dynamic pres~ | 


ae and of an Andicator II, installed in the cabin. The pickup consists of two. 


Fig.60 - Diagram of Aircraft airspeed Indication 
I - Airmpressure pickup II - Indicator 
1 ~ Side vents; 2 ~ Front vents; 3 - Static 


pressure chamber; 4 - Full pressure chamber 


; ‘chambers, for static and ful. pressure, respectively. In chamber 3) the 
i. z 
ree 

Ag oe 8 equal to the atmospherse pressure. The air enters the s sta tatic pressure chamber 


¥ 


Pe ‘through. the orifice (1) and enters the chamber (4) through the orifice (2) « at the 


pressure 


4 


im wo face: of the pickup. a 3 
AF Un soad : 


val Let the pressure in the atmospheric layer at which the flight takes place be 


(Py the flying. spsed V, the density of ait in the atmosphere v1, the pressure in the 


vamerkecegceanbigrewcenttgmenpamentan abatement genet te ne eine car atte a> 


saniee 


c z 
we chew 


total-pressure. chanber Part ie air velocity in at Vas and ¢ che density of the Sir in 


‘ sash gee aOR EOE ERR Ta FRR oR OF 


orn 
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the ‘total-pressure “chamber Y be 


The: principle of operation of the inetrument is based. on the Semitay equa 


“toa iden has the fom 


(I¥.12) | 


“The level ing } heights” 2 * 29 can be neglected. When contacting the face of the 

- Pilot tube, the air stream is decelerated, its ve clocity becoming equal to Zero, Le on 
“Vp ™ o, but as a compengar tion Ba inereases sharply’e This pressure is calied total | 
~ pressure, while’ the pressure PL * PH is called static pressure. then, eQe (17.22) 


| euite written in the form 


oat flying speeds up to 00 knfhour, the process of compression of the air in the 
~ pielup may be aaeatuerea igsochoric, and the specific gravity of the air to be corn 


7 eat! Bebe 9 


ptee ys Vy pp Pi Pr Py = OP: 


ae | . 
a . 12. | (17.13) 
a sees | 


Apes —— 


Jo ak arapcin 


At | high . speeds, the preeere of compression of the air is almost adiabatic, 


with the adiabatic index k; in this case, ¥ 1 Yo, “while. 


3 
£ 
& 


wm 
4 cs ated x 
4 -. ‘ 
saasepettt he RHE ston i SOrRrHE TL apres eee nc, 


vgn: sted meme ANNE Sento staat arene res rome me Be a Ene ET ae een 


: ial that the e Bernoulli {equation now takes. the form 


ay aausy es Peeves v0! prancing Ayreon gE aA te PA EEE SEN ID NE LAE AEF 
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pis “yt Vy 2 
ta oR 


Where R is the universal gas constant equal to 29.27 for air; 
& is the acceleration of gravity;. 


k is the adiabatic index; 
Ty is the absolute temperature at the altitude H. 


The total~pressure chamber is connected with the inner cavity of the sensitive — 


» element of the indicator, while the erahae Presents chamber 
body of the instrument. 


is connected with the 


In this way, the sensitive element of the indicator » consisting of a metallic 


+. 
at 


3 “-ppanoneter, is subjected to the pressure ditterence Ap = p a7Py+ Under the action of 


~this pressure difference, the sensitive element, consisting 


A Qader 


of one or. more corru- 


a ~ gated boxes, is deformed. Thia deformation is tranamitted over the transeitting 


~pechanisn to the instrament. seinber! 


, ae Since the pressure ‘difference bp is correlated with the aircraft speed by 


s pean Us), the scale of the indicator of * the a Speenee indicator may be calibrated 


. yan unite of speed. 


Pt 
a 
S 
: } 
sige se PaL Wing a 


¢ 
4 


af 


Speed Indicator Pickup. As noted abave, the speed indicator pickup (Pitot 


a) consists of the static-pressure chanber (5) and the Sotaleerseeux chamber (1); 


et ees are Placed at distances of four to five receiver diane 


oe 


“oe from the control = at a place where the air strean ia not distorted, To 
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“Jeontrel Leingy the pce. is provided with an electric heater. When the aircraft 18° 


“on the. ground, the pickup ia covered with a special cover. the. indicator | of the i 


—otrument, is manufactured in gingle-pointer and twin-pointer models. 


Fiz.61 - Air pressure Pickup 
1 - Total-pressure chamber; 2 - Total-pressure tube; 3 - Open suiriecct static 
chamber; 4& - winding of electric heater; 5 - Static chamber; 6 - Static tube; 
7 - Outer contact ring; 8 - Inner eontact ring; 9 - Insu ating bushing; 10 - Cur 


rent conductor; li - tube for electric conductor. 


the two-pointer speed Sndicator designed by the Soviet designer, 
The range of measurenents if from. 0 to 1000 Inn/hr- 


fe ~Since the instrument has two pointers, its scale must necessarily be uniform. To 


Jt “assure uniformity and increased sensitivity of the scale, the sensitive element is 


Se + made of two manometric boxes (3) and: the flat spring (8) with variable elasticity. 


wea 


--Yarlable elasticity is obtained by means of screws which. change: the working Length 


of a spring. With such a design of the sensitive element 4 characteristic, Linear 


anoet 


ibyetth respect to speed, may be obtained. : 


af - “There is a transmission with a transnission ratio of 1:10 between the small and 
amen g A 


‘Oo darge pointer, 80 that the large. pointer indicates tens and units of lonfhr, while 


mt ithe email. pointer indicates hundreds of n/a 


es fo reduce friction and: prolong: ‘the: ate, all epindles reat on agate-bearings.. 


a ee ig ; 
OE ee cee cer cde sur eieaessateamn ermmamantne feanaam da re ae mmeresevntes 
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i aN a sy 


i 


Fig.62 ~- Two-Pointer Speed Indicator 


1 - Body of instrument; 2 - Scale: 3 - Manometric corrugated boxes; 4 - Gear 


transmission; 5 - Static pressure connecting branch; 6 - Total pressure con- 


necting stud; 7 - Bimetal temperature compensation; 8 - Variable elasticity 


spring 
Errors of the Speed Indicator 
‘Sustematic Errors 


tet 


‘G) 1, Errors due to the Air Pressure Pickup. The form of the nozzle of the pick- 


ott t : 
) fem 
<a. ze 


i0dup, the form of the static orifices and their arrangement along the perimeter and — 
lalong the generatrix of the pickup cylinder, the installation of the pickup on the 
. : ‘ 


la 


| “atveraft; its arrangement with respect tothe air currents encountered, all -have.a 





los. 
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“leonsiderable effect on the correctness of the total Rey static ‘pressure ‘intake. ‘The: 


errors due to inaccuracy of the pickup may go aa high: as 30 iofhr. In recent peers 


work had been done, and is stall going ony on designing the optimum type of air pres- 


_sure pickup. “original and varies designe of a few pickups have been worked out in- 


eluding & few models of USst PEOHUR eS a5 weld ag those RAGS a the firms Cee? 


_Kelleman, Pioneer, etce 


“The best characteristics are exhibited by the soviet pickups, in which the er- 


cror due ‘to changes in the angle of flow of the sets ranging fron O° to 25°, does not 


- exceed 0.2%, while such error reaches 9% in the Kolisman receiver and 11.52% in the 


~ askanda pickups. | 

Soviet designers have created piekups tae wperate well even at velocities close 
- to sonic. The operation of an air pressure pickup is characterized by the aerody- 
rane coefficient E, which is equal to the ratio of the pressure drop sensed by th 


- pieicup to the calculated pressure drop, ranging from 0.96 to 1.2. 


Fes 


This coefficient 


oe introduced in the equation by which the flying speed ¥ is determined; 


“i 


| ‘ bed oe 
Re vty | (241) 


oe “| TNE a 


8 The pickup is pigeaw in: guch a position that its operation is unaffected by the 


_propeler air stream and by the vortical motion of. the air flowing around the air- 


20 Error due to the 5 Influence of the Density 0 of the Aire _ The , operation © of the 
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Tlatrepeed indicator is Vaned on ‘measuring the preasure ‘aifrerence p * pips by a petal 


" manomet Sra. 


The ase 


“shows that the speed depends not only on p but also on p, and Ty Lees, on the dene 
sity of the air. For this reason a systenatic seees appears in the instrument read- 
- Ange and is denoted as the error due to the influence of the density of the air. 
“AS with the altimeter, this error is the result of the indirect method of measuring 


- speed. in order to obtain the value of the airspeed of an aireraft without this er- 


hy the navigator of the aircraft, using an aerial navigation slide rule, applies 
ae 3 


SRR PRRE Na SRS ta Sa PRO a a ae oe Bp a ad 


a correction to the readings given by the airspeed indicator by the aid of the equa- 


--téon 


aaa ERIN 


a 


1": ‘ Pls 
nage ] Pula 


~ where Vere | ig the true airspeed; | 
wy Vanst is the speed shown by the speed indicators 
Pos *y are the calstratios values of pressure and temperature; 


Py and Ty are ‘chepreenins and ‘temperature at the altitude of flight. 


Pe aie 


Instrument Errors of the Speed Indicator. anetrinens errors of the speed indi- 


» wary oe 
~ 4 
Beg a Ye Wis: ae 
: t : : 2 
ik x : 
¥ $ i y 2 t 
& 3 ; % 5 Z 
Say ery 7 s 3 
weheorwreitiveaynnaglie corte i Den aeket ea ee ere hn 


~jeator are analogous to the. corresponding « errors of the altineter. 


a 


oe! 


a sp foto 


In the submerged condition of the bor, the angle v (cf Fig.56) is taken as 


Fs and for this reason only 3 binetal Eee ee compensation of the sec~_ | 
“tonal i kind is used in the. instrument. | 


Mentos ste! ina wa ARK! HAM PAE PeattiGn oR IN St SBS AS Marten Es Im ge OnE Tins EN CP 


_ The allowable seale errors of the | inetrument at a a tenperature of + 15° do ‘not 
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| exceed ¢ 15 km/hr, while at temperatures + “50°C” and “ 60°C these errors may reach” 


_ £20 lonhr. 7 aoe | 
oe True Adrepeed Indicator. At present, instruments 4 in which the correction for s 
they value of the density of the air in accordance with eq.(t. i) 4 is automatically 
is genase by. changing the. gear ratio of the instrument, are widely used. Instruments | 

showing the aireraft speed with respect to the air, corrected te the WETRE SDS the 


density, are called true airspeed indicators, while the speed | so Bnown is known as 


_. the true airspeed. 


L 
\ 


The correction for pressure is usually applied by the aid of an aneroid box, 


. whose stroke depends on Pui the chanze in this stroke correspondingly changes the | 


~« Length of one arm of the drive. She correction for temperature may be applied by 


- means of a thermometer, automatically or manually. The variation in the temperature 


- of the surrounding meditm deforms the sensitive element of a thermometer. 


- formation is converted one a change in the gear ratio of the instrument. 


” 


. different designs of such instruments exist. Figure 63 gives a diacram of 


ae 
:  § 
4 
| 

‘ 


-- airspeed indicator with a carrier drive mechanism. The deformation of the 


oo Re 


ieee: eds 
i PLE Con 


s (2) and (3) to the toothed sector (8) 
_~and then to the pointer (4). The change in the pressure is compensated by the ane- 
2 pox. (5) which displaces the slide (9) alons the carrier of the roller (2), in 
=) contact with ite Texperature compensation is achieved by the displacement of the. 


a ~ slide (10) along the carriers connected with the rollers (2) and (3). 

re é ‘The thermometer (6) displacing the slide (10) must be of the seatecpen ae 

» a : ; : 
ee cer and have a great steadying powers For this purpose a liquid thermometer should 


aribe. used. 


wf 


At present, the true aemeed indicators in use vary widely in design, and 


+ their readings are corrected ace the value of the density of the air; they include 


pl Ahem 


Lo ALAN Se OP SAAT AAAS VT hee 


"eomonetrt instrunents,, wind vanes, ‘and | a whole series of manometric ‘speed indica 


ROE be sor 


‘ y. 4 
$ { 
lene Sin taeietie ouep ne tote 


jtorse | The use of these instruments considerably lightens the work of the navigator. 
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| “the pilot dose not need a = true airspeed indicator; actually, cases in which ve uses 


" this. instrument to ude: the litt, sit may even be. harmful. 


We shall explain this by. 
the following example: The difference Ap : 

“petween | the total and static pressure and | 
the lift Y is proportional to the density 


f the air 


(1V..16). 


(1.17) 


For this reason, the change in the vel- 
ocity ¥ is a signal to the pllot of a 
change in the lift Y. 

The true airspeed indicator should 
not react to variations in air density, 
while the value of the lift, which depends 
on it, does change. Thus the pilot cannot 
judge the variation in the lift from the 

oe : , readings of the true airspeed indicator. 
Fig.63 - Diagram of the Carrier of _ _— | ve | 
| | is On modern high-speed and high-altitude 
a True-Airspeed Indicator aaa oe & 


. a ateratt, universal speed indicator of the. 
-L- Manometric box; 2,3 - Shafts;. | Ns a 


. | : CsI type are installed. 
i, ~ Indicator; 5 Snpencae box; = 


eras 


Je eee ma gt rind 


- 


$ 
ebm se 


sone boob 


: Compound Speed Thasestor (KUS). 
b+ Thermoneter; re Sappert; 2 3 | 


ag x 
= 


Figure 6, shows the layout of a compound 
8 - ‘Toothed Sector; 9410 - Stee blocks 


ms 
‘ 


§ 


~ 
4, 
7 
Boca 8 
0 Ay ae nak cannes. it 


‘speed indicator. The indicator hand (8) 
ie repaater by the ‘toothed pector over the shaft: (a2), » the holder (14),-and the- oo 
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_ shaft (05). the position of the box varies according to the density of the airt — 
whieh corresponds to the given altitude H, causing an additional displacement of the 
"spindle (15), and together with it, of the sector (16) and the indicator hand (18). 

“this pointer indicates the airspeed corrected for the density of the air, i. 68s, oe 


te airspeed. With diminishing density of the air, the aneroid boxes (20) expand, 


is tS £0 / 


Fig.ol 

ig.oh 
1 - Fanometric box; 2 - Ti ; 2- Carrier; 4 - Clamp; 5 - Spindles; 
& - Sector; 7 - Gear; & - Pointer; § ~ Scale; 10 - Hair; D1 - Carrier; 


12 - Tie reds; 13 ~ Sleeve; li - Ueholder; 15 - Compensated spindle; 


16 - Sector; 17 - Gear wheel; 16 -~ Pointer; 19 - Air; 20 - Aneroid box 


The density of the air aecasida: on pressure sna Vee: rature. The deformation of 
sn. the box is a function only of the pressure. The instruments of the temperature may 
one taken into account if it-is assumed that the temperature varies with height ac~ 


_. cording to. SA. In that case, to each tenperature will correspond, its. own pressures 


é 
& 
ak 


“and. it may be. considered that density. is a fimetion of pressure alone. . 
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and the arm between the tie rod (12) and-the spindle (15) is shortensd. Because of | 
this fact, at one and the sane displacement of the movable eid center of the mano~ 
metric box (1), the sectors (16) and (18) rotate through a greater angle than the 


sector (6) and the pointer (8). 


In this way, the pointer (18), . indicating the true airspeed , will always lead 


‘the pointer (8) indicating the airspeed. 


By means of the as boxes (20), a correction for air density 


a: e., for the value of the pressure p,, and the tecperature 7; 


. 


In this way, the systematic errors in the US are taker. into account by the aid 


: : 7 2 . sh auteensoe hae REE SD AS 
age sc hasan ere SRE ETERS SE 
pose eau ANY wang nee STE SAP OR SP Pie eR SEE 7 
sgt APE ISS aoe EE 


of the anereid boxes (20). 


The instrument errors of the compound speed indicator are the same as in the 


airspeed indicator. The principal instrument error ig the temperature error. To 


@lirdnate it, a temperature compensation of the second vind must be used in the de- 


Pla Ste SSUES TES ELIS 


.gign of the instrument. In he modern KUS, such a compensation is not used, since 


the deformations of the boxes (1) and (20), under the influence of the terperature 


compensate each other to a certain extent. 


Mach-humber ings cators 


In addition to the true airspeed indicators, instruments showing the ratio o: 


view the true airspeed to the speed of sound are also installed on aircraft. These ir- 


2; ; “4 é - aa 
. gtpumentas are Known as Mach-number indicators: 


re 


Meee 


: 
2 
: 9 

| 


~shere a is the velocity of sound. 


at 
ene 
Cae 


The velocity of sound does not vary with the pressure, but it does depend on 
~the tenperature | | 
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(rv.20) 
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If the value of the speed calculated by eqe(IV.1L) is introduced into eats) 


: i ¢ * 
then the equation for determining the Mach munber takes the following form 


Cee sare TNE EARS 


ei Mite te Be 


i 
i 
1 


‘ i | 
The Mach number indicators are calibrated in Mach numbers from 0.3 to 0.95 


Lana 4 Pelee S eSore tt ta 


Figure 65 gives a simpl lified kinematic diagram o of the instrument. 

The deformations of the manometric box (4) and the angle of rotation 7, 
_ spindle (1) are nprapors tenes to the quantity Ap 
$ | a) ° kydp 
“here Ky is the coefficient, of proporvssea ey 


The angle of mptation a, of the spindle (2) depends not only on the quantity & 


haere: 


$6. out also.on the deforuation of the aneroid boxes (5). The angle @ 2 is larger at a 


te -harger anete “4 and a shorter arm h, whose length 


“ 


50. “aneroid bo box (5) under the action of the atospheric pressure pj, at the given alti- 


OAS ROMs Be AAG SAY BA eS ARTIS BISON sade aspen nneree keris 8 


depends on the deformation of the | 
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Since h= kyp,, it follows. that, 


2, = Ayh, dee’ 


Pu 


where ka, k, are proportionality factors, | 
on The angle as of rotation of the pointer (3) is equal 
1 : : i e A te 
| + "H 
‘o - Thus the angle of rotation of the pointer is determined by th 


uu k 


y the relation 


~~ 


"Bq quation (IV. 21) may be repre: 
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consequently, 


(IV.22) 


Ste BT me th feo eee Ee j “ } ‘ ; 
oe WAS means wnat to each Mach number there corresponds a Single definite 


angle oF deflection of the instrument pointer, i.es, the 


scale of the instrument 
hey 6 calibrated in equal RED EES 


‘ 
ores 


! An exact determinat Aon of the speed of the aircraft, particularly the ground 


Ane ae 


‘speed, 13; eee important. 
‘| ah lack of | 
| The lack o any ground speed indic ator, and the errors inherent in the airspeed | 


At 
Leer considerably complicate the work of the crew, For this reason, 


designers 
eu scientists are plas ing emphasis on the question of creatine a and reliable 


ae 


"? adrapeed indicators. and ground speed indicators. 
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_ Climb Indicators . 
| | | speed ora. 1s 
The ‘yate of change of altitude, 1.6., the vertical speeu of the aircraft Vays 3 


: | determined by an instrument known as & eldmb indicator. 


f 


Lied 
Rous 


i ‘ ae 


AES, 


rorm 
- Kinematic Diagram of Mach Number Indicator 
| - Axle whose angle of rotation depends on the flying speed; 
> — Axle whose angie of rotation is proportional to the flying 
speed and altitude; 3 - Spindle of pointer; 4 - Manometric box; 


5 - Aneroid boxes 


The Speration of a climb indicator is. based on the method of measuring, by 


3 e@ pressure 
‘means of a4 manometer, the pressure airterence 8p =p, ~ Py, where Pp, is the p 
SF sna - 


_—ldnside a certain closed space, communicating with the a through & capillary 


heined 


sa (P66), while Py is. the atmospheric pressure. 


On the ground, and during prolonged horizontal flight, the pressure in the: man=— 


Lt ep LOT RY SEE ee RAAT ETE At REY PINES ES fone ee 


~onetric box (2) and in the body (13) is the same and the pointer: (8) of the instru 


UN He tS 
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ra 


rs 


"an altdtude and, 


rent stands at zero. Every change in the vertical speed of flight means a change 
consequentiy, also in the pressure within the corrugated box. In- 


_ogtpuments are in existence in which the body is connected with the atmosphere di- 


. reetly, and the corrugated box through a capillary. In this case an additional space 


Fig.66 - Diagram of beceidinh Indicator 
- Capillary; 2 -— Manometric box; 3 - Tie red; 4 - Base; 
- Spring plate; 6 - Rack and pinion; 7 - Scale; 8 - Glass; 
- Carrier; 10 - Sector; 11 - Hair; i2 - Gear; 13 - Casing; 


14 - Support 


meoner$ 


—i(a small tank), connected with the inner cavity of the corrugated box must be added 
~4 


to] to the design of the climb indicator, There is no basic difference in the opera- 
i jtdon of instruments of these two types. 


5 
DAS meee 


Ba When the aircraft climbs, the air emerges from the body of the instrument 


ed through the capillary (1); when the aircraft descends the air enters the body of | 
Z| the instrument through the same capillary, In both cases the pressure p, of the 


w 8 Ue ete dia de aie, tginine ngs Se eN SA Bane ES 


f 


4nstrument-cannot~become equal to the atmospheric pressure, and the -pressure-differ- 


apatite ean 
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#38 


nee-4-p-= p.-= py acts on the corrugated box (2), The deformation of the corru-. 
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: Coe Bashy i Ms Fat 4 : see ee Bee = . eee ie oe ea 
t d box. As "proportional to this pressure difference hae fhe rate of equalization | 
ga ¢ si 


. S 2 capillar 
to of the preasure acting on the corrugated box depends on. the capac ity of tne pi 
device to transmit air, | | So 

At a steady vertical rate of eLiabi or Seekers wien hae altitude of th airc 


foe d be elgg ea Bat 
arpa ea pan ets S NS SRE 


: pressure difference Ap acting on the sais determined by the oe 


wea 


1 
aoetnee ete Sh 
eeeeerenty af TSE aN EE 
prcuxesuten diene babe fds NBD PENA TEMEE + 
fare “ 
PSEA IRAE ARE 


OP 


nyt 
‘T28niv- 


x 


is the diameter of the capillary in m; 
the length of the capillary in m; 


' eee 
volume of the instrument case in 


” 
ea bhe 


Pos sins 
the rate of climb or descent in mses; 


in 
nee 


bal: ae ee ae 
n is the coefficient of viscosity of the air, kgesec/m 


The viscosity of the air @ 


enf 
od 


ufficient degree of accuracy, be consia- 


a 
a 


. ‘ . i.e,, we may take 
- gped a linear function of tne ambient temperature, 1.¢., 


n = nT (IV. 24) 


: liens n= 0. 62152 <0 Kg-sec/m* deg 


4 
cr 


4 ; c a 
‘ 2 s of the climb indicator 15 
i 7 e ‘drop acting. on the sensitive element : 
fe . | The pressur P 
a 


very emall. — At rates of climb from 30 to! fa m/sec, the pressure drop is equal to 
6G. 
o7j} - 75 Trem of water column. 


oe 


meet 


The indicator cart of the instrument consists of a very sensitive manometer 
Guede <3 


“| gal dbrated in units of vertical speed from 0 to + 30 m/sec” (or from 0 to. + 75m/see). 
oa ; 


_ rhe special rack (6) is provided for setting the instrument at zero and for 


9. 
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i 


Tohanging the: ‘initial position of the. sensitive element. “In diving and steep clinb= | 


- cing,. the vertical speed considerably, exceeds the calculated seat. In order to 
eer irreversible deformation of the box, the supports (14), wnich limit the dis- 2 
"placement of the box, are cravided.. 

One of the most important parts of the instrument is the capillary device (2). 

“'In climb indicators designed to measure Low waiec ice: this device is in the form 

“Lag a glass tube 0.45 rm in diameter and 50 mn in length. 

If che astro: is designed for high vertical speeds, such a capillary is 
unsuitable. In this meee a battery of similar capillarivs i3 used. In an instru- 
ment with a battery of capillaries, the climb indicator equation remains the sane, 


put the so-called capillary characteristic k is equal to 


=iy+ 


iis as 


128niv 
where m is the number of capillaries in the battery. 


Srrors of the Clisb Indicator 


Systematic Srrors., The principal systematic errors of climb indicators are as 


. follows: 
1. Lag; 
Temperature errors; 


= , 3. Error due to eigen in the volume. of the manometric Sox. 
a tad During a change in the vertical speed of the aircraft, the instrument 
"reading: lag behind the variations of speed. The lag in the ‘nstrument readings 
remains narked ‘nth. the values of the error become less than the ceecters of 
| feensttavity of the Ee CEO -_ 

a | The magnitude of ene. lag is determined by the time necessary for the reading 
ac the inatrunent Lo become the true reading. In modern instruments, ‘the name oh 


ETE sseomsuaterwmatiionarepinpes AescicibeaRRGepTI Eee DAT nn Lemna atom rimormamagestine 60 Me 


plas. isk- 6 sec. To reduce ‘the ‘tine lag, ‘he diameter of the capillary must be 
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~/madea as large + as 5 posible. Increas! ing the diameter Limits the “genaitivity of the | 


| Anstronent, since a. considerable increase eg the diameter of the AANA requires 


| the use of corrugated baxes of exces ssive sensitivity. 


“Tenperature iS rors. A sapiaeton in altitude Ls accompanied by a considerabie 


variation in the berpesataee of the outside air Ty and in this 


ease the tempera- 
ture ue in the instrument case also varies, bul ruc! 


te 


; more plenty 


OAS AB result of this, the process of the air through the 


cs 


ae are Gehrig pes RAS ERSIOES 
SPOTS ET EERE EES EE ENTE 


rere es ATE 


nonisothermic and an error is created in the instrument. Tf the temperature at 


0 site ends of the capillary is T_ and Ta, res echively, then the equation of the 
: » aa f 2? - 


~ 
aS 


.~ elim indisator takes the form 


Rs 


_%y Ty . ars 
ie Tc ; 


OE 


Ap 


The error due to the nonisothermiz nature of the process may be found br the 


equation 


Vy Th 


Bae ieee v. 
a 27) 


The variation in the temperature of the air in the instrument case leacs to an 


addi! tional change of pressure there Spy, * is, it introduces an error in the 


Te seaant reading. 


The change of the air temperature in the casing and in the atmosphere is re= 


flected in the. temperature 9 


a o 


ores 


of the capiilary, and consequent y also in the viscosity |. 


ea the air passing through the capilla: 


“F [Eamon 


ry, which vaeies setecatng to the law 
n= 8Tsap 


Amd 


von where Toe cap 4s the scandens of the air in the capillary. 
ur : 
sgt | These changes in temperature and pressure must be taken into aecount in the. 


[equations ¢ of the ‘climb indicator. 
‘ eee 


86-4. af the temperature of the air at ning endear the capillary is denoted, in the 
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"general « case 5 by Py ar tee respectively, the temperature ot. the aie at a . height of a 
(by Ty and the temperature in the capillary by Toaps then the equation of the climb 


“indicator cakes the form 
nS ty T, | 
Mp ee t ba | (IV.28) 


oat the capillary device is placed deep wit thin the case of the instrument anc a brass” 
oyling ok in whieh the air is warned by the temperature in the case of the instru- 
-ment, is installed in, its path, then the infl uence of the no nisophermie: 2 ature of 
the process may be eliminatec even when the aircraft is descending and atmospheric 
“air is rushing into the instrument; in this case T,, Ta, Tgap alt become equal to To, 
and the equation of the climb indicator can be written in the form 


y TC 


Ap eae (1¥.29) 


Ae e., the error due to the influence of the ratio i still remains in the readings. 
: H 
of the instruments, This error can be eliminated by changing the transmission ratio 


T. 
a the instrument in accordance wilh the temperature ratio == . The temperature 
_pompensation : may be made in the oo of a bimetal plate, wrose stroke varies with 


and wnich carries the plate of an aneroid 
box, whose stroke varies with the pres-ure T,, this pressure in turn depending on 
“the temperature Ty at the altitude of flight. 
= 


Po It must be remembered that the use of an anerold box with a linear character- 
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' ie 
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ee 
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4 
: i 
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: 

‘ 

; 


\ 
“~stic relative to altitude, as 4 device for measuring the atmospheric temperature 


2 
oa 


is. admissible any on condition of a standard desteibution of temperatures by neta. 


can ie 
pn “cf this case it ds assuned that the presaure in the instrument case is a unique 
eal 


function of the temperature of the outer air, 


a  Brror due to. Change of Volume of the Manometri.c Box. When the vertical speed 


ae 


r pf flight varies, the stroke of the box also varies and thus, ee 


#4 ser artenentans 


pepetneermrcerneny cance bengeniets fo bide Sehr wee eee oot eamgrede ALY Soe ot 


i 56 ie k ECGS ATT hee ceadtrta enn DINt oad OS : 


es 
a tirant case. This leads: to a change in the characteristic k of the aa 
1 ¥ went a3 : 


seabis o 
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| The error thus caused does not exceed 0.02% of the instrument readings. 


The instrument errors ef the climb indicator are the same as those of other 


“manometric instruments, 
The total error of the reading in a climb indicator calibrated to 30 m/sec, is 
about 1.5 m/sec. 


Section 2. 


i vas> xeI2} 4 o: $6969 Eee ate Tee aes ¥ 
eB TeESON ERASER: NEY Se UE 


Sia 


AIRCRAFT COMPASSES 


ceseapelaspa te 


Instruments for determining the course of the aircraft are called compasses. 


These include compas on the utilization of various principles: magnetic, 


gyroscopic, induction, astronomic, radio compasses, etc. 


The simplest and, until today the most widely used types, are the magnetic 


compasses 


Compasses 


The operation of the magnet ihe compass 4s based on the interaction of the 


earth's magnetic field with a magnet in the instrument. The magnetic pole of the 


_ parth is located near the geographic poles and is somewhat displaced with respect 


to them. It is considered by convention that the 


£ 

5 
| 

: 
4 
* g 


southern magnetism is concen- 


trated in the northern hemisphere and the northern magnetism in the soutnern hem 
=o dsphere. The magnetic needle comes to rest with its north end pointing north, i@., 


Rives i fe : : 
“oo Its north peti pole which conventionally possesses southern magnetism, is con- 
io. sidered to be located near ¢he north geographic pole, 


and the south magnetic pole 


sh near the south geograpric pole. The angle between the geographic and magnetic 


2 meridian is called the declination. 


The declination oiies with the geographic position, | the Ses50n; etc. pi 


. considered positive if the northern ne af the needte ig deflected to the gest of . 


t 
ere 


| the. geographic meridian, | 


ss & 


The value of the declination is determined from special - 


res or “Tragnetic™ doclinations on ee laces with the same magnetic declination” 
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ae by lines called Lvogens; on these same charts, the magnetic en 
| sie IOEed: The magnetic fiald in almout. all parts of the earth, excapt the mag- 
ee equator, 4s inclined to the horizon, and for this reason the total force T 
of ‘terrestrial magnetism, directed at an angle Lo oe horiz Ben may be resolved 
into two: ccomponentat & vertical component . « T sin 0, and a horiz Zonbal compon= 
ent H * T cos 0 (Fig.67). The horizontal component H which a tablis ches the 7 
, ¢ | nds the direct ree of the cae c 
stie needie ina direction north-south is the directing nome of 
" _ | | ompass, The angie @ between the total 
force of terrestrial magnetiom and itu 
horizontal component ds 74 the in- 
Saas A compass needle, freely ro- 
tating about 4 horizontal axis, takes 4 
vertical position at the magne etic pole anc 
a horizontal position at whe equator. A 
magnetic needle set up fro a point, when 
placed {n the northern henispnere, under 
a es sac the action of the force developed as 4 
a as result of the interaction between the 
oe phen ies mer needle and the magnetic poles of the earch, 
ee *n ane tends to dip with its northern end down- 
aha aoe ee nee cand To eliminate this inelination, the 
ee een ee ae eee southern end of the needle is made heavier. 
restrial: magnetism; H = Hordzont tal 


In the southern hemisphere, the northern 
| ; . Ve nonent: | 
component 3 f =: Vertical component, 


+ : be: 4 i = 1 ne Sh avers 
Beat ennertty wb aren AM re ees a ne te F 


end of the compass needle is made heavier. 
St The magnetic compass (Fig.68) makes 


h > 
art sassy Bese 1s sete 


ne part 
AS possible to determine the ragnetic course of the aircraft. The principal pa 


meabrag fringe ed Mpatpet ete . 
pres heen MANA AYE: ant tee SPRITE 


4 of the con as is. the card with tho magnet a), resting on the steel point (3) ee 


3 eae ere 
ee cana ARS HIN IE amb lata Ca ge at EO 


| ‘an agato sapphire bearing (4), attached bo the column (5). 


Seteiste was 
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“The presence of magnets . compels ie card to align itself along the magnetic 
lines of force of the earth, i. e., the card maintains an invariant direction with 


respect to the earth. 


The card is installed in the bowl (6), filled with Liquid, which reduces the 
weight of the card and helps to damp its oscillations. 

The compass card consists of the limb (7) which is a thin brass or aluminum 
disk (in compasses with a horizontal scale) or a cone Gia-aeupaanes with a vertical 


‘a 


scale), In some compasses, divisions from O to 260° are marked on +} 


See 
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this case, the instrument is read off by the aid of a course marker mee ttached. 


to the boxl (rip.ééa). The limb is connected with a hollow float (8), 
"magnet (1) and the damper (9), bearing ne are wuidened. 
: compass reacings are read off from a scale r 

The liquid in the bowl must have the lowest possible viscosity to prevent exce 


resistance to the motion of the card. The freezing point of + 


a- 


below ~ 60°C, and the boiling point above + 50°C, while the den 


~ mast not vary substantia“ly with the temperature. Liquids that completely satisfy 


ae oT 
. these requirements have not yet been found; modern compasses use ligroin, whose 


- Gensity varies considerably with the ambient temperature; this leads to a change 


‘ + a 2 f oe 
~; in the volume of the liquid and to the formation of air bubb} low 


ay + 
We wai W Vea oS tt 


& socom am te ee oe 
LENnIDeravur Usy 


“OF to an increase in pressure at high temperatures. 
To eliminate these drawbacks, the ane Cresent +3 provided with a compensating 
WA Compression or overflow basin (10). At present, an overflow chamber consisting of 


~~! an additional space as used into which air bubbles at lower teuperavuies and excess 


4 | quia at higher temperatures. 


The compensating chamber somewhat increases the volume of the compass and 


a 
oo] thus ensures a wider range of compensation. — 
ae 


a. _According to the Purpose, of the compass (for the navigator or for the Pilot) 


estan ah MoE ARE SVU YMCA Ie DL NSE ee i A nm aid PA net te RAB = ne 


ae the ecoraes required uk its readings: differs. The savieatorten compass, which is 


ate Cony Som Wye ica ce A ear AE Oe 
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- also called the master compass, must be more accurate, ‘The pilot's compass is 


enn ste Ne npr mene TIMER oe 


‘called the course compass. In such companses the readings are made by the aid of 
a course marker which is attached in a fixed sition with respect to the compass 
bowl, and a movable ecard which takes the ination north-south (Fig.69). 

There are many designs of magnetic compasses, but the ies is the same in 
all, with only the poditdion and form of the seale (vertical and horizontal scales) 
or the system of eesti differing. | 

The operation of all campasses follows the sane general patter 
netic needle is sbiioted te m its equilibrium position and then released 
return to its original position. The motion of the needle takes place under the 
tnpiuencs of the following factors: 

lL. The turning moment Me upn developed by the magnetic card; the magnituce of 


this moment may be found from the equation 
ing =m Hsin ¢ 


- where Mis the magnetic moment; M = 2 ml; 


mis the magnetic mass concentrated at one pole; 


Ae eee a peg eM et ke 


21 is the length of the magnet; 
g is the angie between the direction of the magnetic lines of force and the 
axis of the magnet (a variable quantitr); 
His the strength of the earth's rere field. 


At srail angles of declination of the needle, we may take sin 9 = @; in that 


HN RASH Aptana on Ra Ut NN nisi MUP LAN Be aviblanteardo snore 
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2. The moment of resistance Mec of the liquid; at small angles 9, the magnitude 


Trewern te: 


tf 
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, [of this moment may be found from the equation 
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Fig be 2 eavoilt of the Parts of the Magnetic Compass 


USNR Need EN RRNA CT HE IEA 
i Radadicehai sat ecnesisea, inca 


a - Diagram of comps ; b - Compass card; 


¥ 


ts -~ Limb}; 
“Magnet; 2 Pointer; 3 - Pivot; 4 - Bearing; > - Column; 6 - Bowl; 7 Lmb ; 


Sk ; ; 
ee ea 


1 
AB. Float; 9. Damper. 10.- Overflow basins LL = Scale; 12 - Deviation of the - 
fm. fan SD 


feneneeers 


“parts 
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where K.is the moment of resistance of the 


Liquid per unit angular velocity of the 


i 
‘ 


cand. 


» ¢ % " ey 35 8 ine 
3, The moment of friction of the pivot on the bearing; this quantity 1s So 
significant that it is usually neglected, - 


a 7 - 3 ” + 
4. The moment of the forces of inertia 


( 
No om JY 
Mad 


2 e , * yy ne vt 
where J is the moment of inertia of the cara, 


} he care table quantity). 
@ is the acceleration of the care (a variable quant r) 


n vi us the compass has 
The equation of the natural vibrations of tne moving system of the compass 
the form 


» 
* ; 
*K 9 MHP = OC 


(1¥.30) 


a solution of eq.(1¥.30) shows 


“hat, according to tne ratio of K to Mi, the 
3 wai wey Swe Ne Ne 


‘ . anya nN 
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TUM ys sien eee my 7 
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ne (Continuation of Fig.68) 
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Pig.69 - External View of Navigator's Compass and 
Pilot's Compass 


a ~ Navigator's compass; b - Pilotts compass 
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‘compass card, in returning Lo is ponerech of equilibrium (toward the meridian), 
may execute oscillatory iaeueate or aperiodic motions (Fig.70). 

In modern aircraft compasses, a harmonic law of motion is assumed for the 
needle, and for this reason the compasses thems salves are sometimes called periodic 
“COMpasses.. 

characteristics of Compasses. The operation of a periodic compass is character 


ized by a period of oscillation and by a damping decrement d; the latter represents 


o aw penede aeytlene at uae ES de one 
, : a Ls 

tt ere psa teu AE EO eo aya lTes eee 

Ssh CPR TES SESE Bert PSAs SA nao AN ee PERE ETE Ss een rio ee Pam 


eee eh seen LEIP VERE 


Nei POSE 


epee cite OMA ED Ne MO ACSA, ONE RORY RETA RTE ERR IL OE 


the ratio of the amplitudes of two succes 


sive oscillations. The value ind = D is 


a 
called the logarithmic decrement of damp- 
ing; the value of the damping decrement in 
modern compasses varies from 5 to 6. 

addition to these characterist-cs 
. algo know the following data: 
Pig.70 - Character of Motions of 
: damping time, 1.€., the time 
Compass Card on feturn to Bquili- 


necessary for the return of a card after 
brium Position 


deviation, to the meridian. In periodic 


ad tor 


compasses, the damping time varies from 1p to 29 sec. 

b. The ieee i.e., the angie through which the liquid entrains the card 
~when the bowl is rotated together with the aircraft through 360°. The entrainment 
"depends on the shape of the card, the vancostly ef the liquid, the rate ef rotation, 

| ObGs | It is desirable to have the entrainne ent at a minimum value, since at high 
cg enbrairment, even an minor change in the course jeads to errors in the instrument 
|, readings. In modern compasses, for a 360° rotation at a rate of 6.2 revolution 


per second, the entr rainment reaches 10-120 (at ond temperature). 


ce. The lag which depends on the friction in the bearing and is characterized 


Se SAREE ALP IIE I ce E ssrepne Rett nearest peter Mioente sect rence smsnts tt 


“byt the angle at which a deviation of the card does not pass to the equilibrium 


_ Negeuenends Under conditions of flight with vibration, the lag does not exceed 1°. 
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Krrors of the Cor 
The systematic errors of the compass comprise the deviation, as well as 
banking and turning errors. 


Deviation of the Compass. Hesides the magnetic field of the earth, the magnetic 


“s » ‘ eR ret 
3 yee aS ree @ 
eh a RE aes Ra SNC NT ee BNE RIT RC oY Aga 
RRR RRA ene otis Gone Se . 


acts a compass insta (in an aircraft. ‘he earthts 
field of the aircraft also acts on & compass installed in an a-reré 


iT 


magnetic field produces the so-called directional force, i.e., the force nolding 


zs | = aa! ‘ om : a . if $2. rh Le ery Ss field 
the magnetic system to the direction of the magnetic meridian. The magnetic 


: ne . EOS) wey phe s rar} ide a. hae 
of the aircraft, caused by various metallic aircraft parts, may De considerea 4s 


: 


i , es » , vanent f and a variabl field. 
consisting of two st a permanent field and a, variable x 


se 


ae 


IPRS OS srggpi ale RELRES IE 


he permanent magnetic field is produced by metals having a nigh coercive 


i 


a 


3 We “oe wy ee + vs * 17 4 + i The 
force, which are magnetically hard (these are conventionally called nard iron) 


rarmitude and direction of this field with 
respect to the aircraft does rot vary when 


: v 
On . . ‘ 
{ts course varies anc, 


POEL NN METER EASES 


called permanent. 

The variable magnetic field is pro- 
duced by metals with a low coercive force 
which are rapidly magnetized and renag- 
wevaaea: i.e., metals that are magnetic- 
ally soft, and are conventionally called 


Fig.71 - Deviations of the Nag- 


soft iron. 
netic Needie | 


“When the course of the aircraft 
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: 


. ighanges, both the direction and strength of this field change with respect to the 
_ adreraft, for which reason it is called a variable field. 
| The aircraft magnetic field produces forces deflecting the magnetic system 


“Veron the direction of the magnetic meridian. The angle 6 between the direction of 


i 


the magnetic meridian and the direction in which the magnetic system points under 


or 


the influence of the permanent and variable magnetic fields of the aircraft is | 


i 
t 
oe eat 
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cated the ionation (rig. 71). aa ee aaa sete cua ianrea soattive 4f the northern 
‘end of the magnet deviates toward the sate 
"he deviation of saeiena te: is a variable SUR DLEE eee the relative position 
eed restoring oe Lee, the forces holding - the needle in the position of the 
magnetic meridian, and the forces causing 


i the deviations, change with any change of 
Sane aele | | | | 
the aircraft course. 


If the horizontal spusonent of the 
permanent magnetic field of the aircraft 
is H,, then the direction of the vector 
representing this force makes a certain 


invariable angle a with the axis of the 
aircraft, which angle is independent of 
- Action of the Commnonents of 
the aircraft course (Pig.72). At 
the Perranent Field of the aircraft 
tire the direction of this vector 
on the Magnetic Needle 
respect to the vector Hy, representing the 
H - Horizontal compoennt of the earth's 
| horizontal component of the earth's mag- 
magnetic pole; H, - Horizental corponent 
| | netic field, does vary with the course of 
'.. 9f the aircraft magnetic pole; PF - he- 
: the aircraft and causes a variation of t 
 gultants H and Hai by - Deviation; 


: magnitude and direction of the course, 
-\ — Course; @ - Angle between the vec- | | 

| , producing the deviation HY (Fig.73). 
tor H, and the axis of the airplane 


If the aircraft is set on a course k 


1c, fe the vectors H and Hy coincide (Fig.73), then the deviation will be equal 


to Zero, since thi s produces a deviation of the force HY = ©. If the aircraft 
“continues to turn clockwise, then the combined forces H and Hy produce the result- 
"ant FP (cf. Pig.72). The ragnetic needle of the compass points in the direction of 
“this resultant, dees, ib 3 indicates the ‘compass meridian. The angle between the 


compass meridian and the nee axis of the aircraft is called the compass 
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course, while the angle between the magnetic and compass meridians, i.e., the differ- 


-.@nee between the magnetic and compass courses, is called the deviation. 
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In this case the force Hy, producing the deviation, varies in magnitude and 
direction with regpect ta the aircraft. On resolving the force Hy in the direction 


of the aircraft axes xx and 22, we obtain the components Bay and Hy (Fig.7i) whose 
: & ais, 


directions are constant with respect to the aircraft, while their magnitude varies 


by the law 


sin k 


cos k 


to these forces is deterrined 


Sar a 


Fig.73 - Position of Tectors H and i, Fig.7l - Forces Producing the Seni- 


for Different Courses of the Aircraft Circular Deviation E.. = i, +i, 
- : i ix t 
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where k is the course of the alreratt} 


Band @ are the coefficients of deviation due to hard iron. 
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The forces ty, and H, and the deviation nroduced during two 360° Polat ions 
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frou hard iron causin;: 


and the quadrant deviations Gand b. 
The quadrant 4 iry according to 
“cos 2k where « 
Sirce there 
usually susall; therefore, mo special & eos te eliminate these 


. £ * 5 es yt “ 
corperated in the compass. “he deviation of &@ compass on: 


~ 
i 4 zh otn, ty 


x. too z “ eae Ae sea 1 he fo 2 igcot $ é 
oy gucceae’ vely setting the aircraft to eight prancipaé. sae 


: ~ et ” g Le oh o cy o aoa as 

oe, 235°, 180°, 225°, 270°, and 2 simultaneously 

courses. The difference between the magnetic and corpass courfe is the deviation 
aN : 13%) 


for: & given magnet Se course. The curve of deviation is expressed mathen matically 


‘by the formula 


et . 


tat bei Ci tnt gto edna’: BRIE Is ee ph 


Ake = A + B spin k * C cog — * D sin 2k 
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Fig.7 5 - Compass Deviations 


a ~ Position of aircraft on various courses; b - Semi- 


circular deviations; ¢ - Quadrant deviations (D sin 2) 
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where A ye the deviation; 


‘ 


Ais 4 coefficient characterising the permanent deviation due vo magnet Len 


Induced in sort ron, and the error of settings 


; ® s : s a , | rs * . 
B,o are coefficients characterizing, the semieirevlar deviation dye to hard 


tron on the aircraft; 


D,& are coefficients characterizing, the quadrant deviations due to na met ism 


induced in goft irom. 


e 


hy ont 


In cases where the deviation of the compass exceeds 10°, it must be elindrated 


or reduced. The raax imu 


raft, and for this reason special attention 


er reduction. 


FLimination of Deviations. 
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Fig.76 ~ Deviation Compensator 


"i. - Body; 2~ Transverse spindles; 


. 13 and  - Longitudinal spindles; 


5 — Compensating magnets 


The perranent dev 


Fige77 - Principle of Cperation of 
the Deviation Compensator 

4 « Yanimum action of the ragnetic 

field; b - vaxdmum action of the mag- 


netic field; c - Mean position 


‘goefficient A, 41s taken into account by rotating the compass through the proper 
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angle with respect te ‘the verinent axis. 
s # sin k and 
The semicircular deviations, characterized by the expression 34 
} | mpens ‘ wiatiug of two 
CG cos k, are eliminated by a go~called deviation compensator, consi geiug 
A a “> 7 # > df | 


a a a : ge Ft coments equal in magnitude but 
i . (Pte.%6) which produce moments equal in Pag 
pairs of permanent magnets (Fig.76) which pro 


FREE BETAS RII ANE 


eeegest sine LARD IAMS RIF ES 


9 semicircular deviations 
opposite in direction to the moments produced by the semicircular deviat . 
is e Longi- 
One pair of magnets (longitudinal ragnets) is arranges pares? to the iong 
tudinal axis of the aircraft. This pair of magnets +5 des 


force ~ Another duit of nagnets (transverse mapnets 


~ 


seu Bet T I 


f ces, fa PS ESS thea 
=z axis of the aircraft. These t magnets are designed to compensate tn 


AEN Sea ee ‘ . the compensating 
By rotating the rollers (2) and (3 e position of tn : 


| My ge 4 ae, 4 ea elas 
ean be changed, i.e., the action of their magnetic Tiel 
ak i har 

‘ partys 7 “ & Yep ‘ 

or decreased, and positions of the magnets that keep the 
$i 1 the semicircular devia- 
arnepsator compensates only the s 
i sy é rlation compensator 
be selected. Such a devia 
-uadrant deviation cannot 


vermanent magnets. it 


be compensated by 2 


1 y mes f strip 

ron placed symmetrically < 

op, or bottom of the compass (Fig.? 
if | 


Lo 
“he quadrant deviation is usually; 
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net eliminated but allowance is made.zor 


If it is necessary to eliminate it, 


w @ 
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this can be done by means of soft iron 


Ree 


Fig.78 - Arrangement of Bars (2) of 


a 


bars. 


Soft Tron Around the.Compass (1) to 


after installing the compass on the 
Eliminate the Quadrant Deviation 


aircraft, the semicircular deviation is 


' 3 if } * “he 
‘firet renoved after which the operation of the compass is periodically checked Th 


LS 


" senicireular deviation is eliminated by the ‘following: procedure: The aircraft, 


whe on the ground, is set to the course k = 0; on this course the deviation 
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isd, = A + O + Eo so that the terms containing sin k and sin 2: wanish. The total 
Creek : 5 


3 


ee 


force acts in the direction of the right wing of the aircraft. Te eliminate the 
“deviation along the course k = 0 by the permanent magnets of the deviation compen- 
‘gators, the force Cy! 4s produced, equal in magnitude to the force causing the devi- 


ation on this course but opposite in direction, i.e., in the direction of the left 


5 
\ 


wing of the aircraft (Fig.7¢). In this case, not only the semicircular deviatior. 
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Elimination of Deviation on a Pig.80 ~ Elimination of Deviation on a 
Northern Course Southern Course 


_ Ct = At « Et « Ct ct ~ Ct = at + FE? 


wot 


’ 

1 
_ but also the constant deviation A and the auaarant deviation E on the course k = 0 

Mi ig eliminated; but: for that, the deviation is increased on the course k = 180°. 

(h ames the aircraft is rotated through 180°, the deviation Ay, defined by the equa- 


PEARY NY AT Lie eRe Me eo OND meg han bla i ieaiha rating Abn ass 2ataeel ede 


oo. the left wing, and by the force C!, acting in the direction of the right wing. The 
“\ foree cy = At + Et + ct, produced by the deviation compensator, acts in the direc- 
“thon of the left wing (Fig-80). The forces C¥ and - Ct mutually cancel each other; 


"consequently, the force 2 (At + EY) now acts toward the left and produces, the devi- 
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| no course k = 16 brings 
| é tg . <pengater on the course k = 160° bring 
ation 24, " 2 (a + E). The deviation compen 
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: \ + Ke in this case e deviation on the course 0 
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is likewise equal tod, * 4+ Re | 
7 ; a | ‘ 2 e 
Tf now the aircraft is again set to the course k = ©, the deviation will & 
equal tod, = A* E and, in character, will be a quadrant and permanent deviation. 


. ‘i nal irses, only 
With this order of work on the course kK = 0, as well as on all other courses, x 


the quadrant constant deviation should remain. 
és 
é, R 


2 ws ele 8 - *; 4 iz 
Fig.8l - Conditions Causing sann-ng Deviation 
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4 ar viati : n canceled, the re- 
courses 90 and 270°. after the semicircular deviation has been canceled, 


ore ee 


3 


oO ro 
| 4 4 “ = 7 £0 13 C 
sidual deviation is determined on eight principal courses yds go°, 135°, 1é0", 


5 x” , ea \ A 
225°, 270°, and 315°, and eight equations o: deviations Beh soe 


fy & 
x” act 2,3 
so’) 125 180 
; } ton, we fi jue for which correc- 
A , 70? & 1 are set up; in this equation, *e find the value for z 
220°: 2 315 
: : i 4 man 2 eS aion * 7 COLTSEG. 
tions have already been introduced into the instrument readings aiong an} 


lruring flight, the deviations may Vary, for example, when the relative posi- 


tion of the equipment changes, when the bomb load is released, etc. This is one 


of the reasons why magnetic compasses are made remote-reading. | 
| | Banking Deviation. As already stated, the horizontal component Hy of terres- 
| | | ; s s 2 
trial magnetiam gives a semicircular deviation, while the vertical coefficient 2 


an rectilinear horizontal flight does not cause a deviation, since it acts ina 


vaptieey plane and its projection on the plane of the coil is equal to Z6TO. At 
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jongitudinal and transverse banking, with the aircraft in rectilinear fligh., the 
vertioal component is inclined together with the aircraft » “hile the position of 


the cones card remains unchanged with peepece to the plane of the horizon, i.e., 


the force. R Rf gives oe projection R_ onto the plane of the card. The value of this 


a 
projection is determined by the equation 
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where Y is the angle of pitch or bank. The force Ry during a longitudinal bank, 
is directed along the xx axis and, during a transverse bank, along the 22 axis 


(Fig-@1). From its character, the banking deviation will be semicircular just like 
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Fig.82 - Turning Error on the Course k = $0° 
B - Bank of compass card; 3 - Inclination; T - Direction of 
| magnetic pole; Y5 - Projection of the vertical component to 
the direction of the axis zz; H, - Projection of the horizontal 
component’ to the direction 22; 22 - Transverse axis of the air 


ene vy ~ Turning error 


_ that produced by the forces Hy, and a ‘In most cases, the banking deviation is 


Bene d 


“not canceled, despite the fact that at sometimes mee chee considerable values 


ian 


- banking deviation may | ‘be canceled a permanent magnets arranged in a vertical 
Planes. 
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“ somposition of these two forces, we find the value of the directing +ores © 
: . . : Pe : 2, . ted 
be : - . ‘ HN xs 2? sin g ~ KH ¢os B and a5 direct 
Bice ass ‘course 90° it is equal to | és 
COMPASS « On the cours . 


ae Be 3 ‘ ; | : o hn the magnetic meridian. 
along the sz axis of the aircraft, coinciding with he magnet 


: . $2 OM . 7 m 
* The angle B of ‘bank of the card does not always coincide with the angle Yo: 
wo. vo m | 


“pank of the aircraft. 

















Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7 


. , : : 7 ; , ‘ ; . f . ‘ . ‘ : : a eae i - . = 
” On rep Hby T, 3 ‘ne total force of terrestrial magne ; 
On replacing 2 and H by T, Lege, bY whe total fo | 


we may write | 


—Zsin 2=T sin 4 sin 3: 


Hos B=T cos 90s 4, 


“prs Tisin 8sin 3—-cos B Cos 


i 


cease there 


saSRE RRC REE EINE TEE SEI Rags SER 


then the compass 
needle will point 


‘tical angle of 
bank. 


* } amr 4 1 
4t angles of bank less than the critical, © 


z althougn in this ca 
netic system points north and, altnougn 2 $ 


} } .4n the instrument readings. 
ereased, there will be no error + he inst 


wna r. ‘ + er. 
k aabove % ritical value, the magnetic sysver 
at angles of bank aabove the critical value, © x 


: nis case there will 
tate through 160°; in this case tner Pa 


Pad z sve £4: z 
The angles between the magnetic and compa 


ha error bears this designation cecause +© Sr: 


eraft. 


a mic 1 5 has the form 
ne analytic expression of the turning error has whe .9 
4a i he - 


fas * 3 
y x Bas om FY 
e 


¥. 


| : replace %, vy known values 0: 
If, in this expression, we repiace by kno ui 


a ¥ 
€ 


tne total force o: 


| | et a ae és 
| | Lins 9 the bank & and the magnetic course Kh.» 
- terrestrial magnetism T, the inclination oo 


lye obtain the expression 


cos &,, 


| | Pes tg sin B’ 
vk, —h, =k, —arctg |tg &, cosB — gore ; 


« . 


“whe turning error on an arbitrary course of the aircraft is sho fe 
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rhe instrument errors of the compass are caused by lag, entrainnent, inaccurate 


& 


manufacture, and unbalance of the compass ‘gard, canetatine of a pendulum. Under the 


Fig.83 - Turning Error on ar, arbitrary Course 
action of periodic disturbances (for example in Cumpy flight), the magnetic sysver 


will oscillate about the equilibrium p sition. 


Remte-Reading Corpasses 
The presence of jarée ferroragnetic masses on airplanes, and the inconstancy 


of the Ma grist tude € and direction of the forces forming. these masses (as a result of 


} 
4 
i 
: 
x 
| 


lene change in the position of the control levers, turrets, etc.) leads not only te 
a variation in the deviation, but also to a dependence of the deviation on factors 
"not amenable to estimation. The impossibility of eliminating these factors ei 
“te the development of remote-reading compasses in which the pees enero oe 


‘sheting 0 of a , agnetic compass, is installed at the point on the aircraft where the 
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¢ oo 4 . gt 7 he 
influence of the ferromagnets masses 16 smallest (for example, in the tail of the 


sei tee, ts Gee 
fuselage or in the wings of the eared, The compass readings through a mero 
20aTd « 
transmission are communicated to an indicator placed on the instrument boa 


: sed are the following: 
Among the renote-reading instruments, the most widely us ie I 


“to compass 
renote-reading gyromagnetic compass (nave), remote-reading potentiometric compas 


. & t cle ant a). 
RPC), remote-readin induction compass. (iit), et eo (¢ —— 
pass (RPC), iti os Indicator [7 | 
“aCKUP “an 


on bea REESE RTE EL 
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sen enT 
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as 
| 
, 
| 
| 
| 
| 
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epic) 


t 
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Compass 


Oa ge ot tn POR ECE et wt a rm 


Ring potentiometer; 3 - Stator; 


anent magnet-rotor; 5 - Fointer 


Remote-Reading Potentiometric Compass. Figure 81, gives a diagram of the 
| renote-reading potentiometric cCOmpass.« 
| The pote consists of a magnetic compass with a magnetic system which is 
se considerably more penn than that of the ordinary magnetic ‘compass and consists 
on of four magnets of a length of l= 110 mm and a diameter of d = 10 mm, with a 
. magnetic roment of 120,000, units. | 
“ At a deviation. of 90°, such a peor develops a moment of 2 G/om while the 


a pagnetic systen of an 1 ordinary compass develops only 0.03 G/em. puch’ < | great 
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- Damping; spring 


6 - Ring potentiometer; 7 — Bridge; 8 ~ Sylphon; 9 - Scale; 10 - Inspection hole; ll - Cardanic 


suspension; 
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_ moment fe: necessary to overcome the friction of the brushes on the potentiometer. 


The three brushes (1), which are spaced at an angle of 12 are rigidly con- 


“ented with the magnetic system of the compass. see consist of three sliding 


Fig.86 - Design of the Remote-Reading Potentiometric Compass Indicator 

i- Moving magnet; 2 - Spindle; 3 - Pointer; 4 - Bearing of spindle; 

5 ~ Locknut for regulating longitudinal play of spindle; 6 ~ Permalloy 
gore of stator; 7 and 8 - Brushes; 9 — Stator winding; 10 - Three contact 
rings connected with the stator coils; 11 - Brushes; 12 - Screws for 
attaching brushes; 13 - Plug contact, 14 - Scale; 15 - Plate; 16 - Ring 
in which the inmer case rotates; 17 - Flat annular spring; 18 - Fixed 


sight; 19 - Rack; 20 and 21 - Gear drive; 22 - Inner case 


__,_ Surrent-collecton contacts and slide along the potentiometer (2), attached to the 


fangs sci ashe i Hk AST ELA OP MER OP ED Oars ire apo erten ne Melt ars 68 Gl biped 8 


compass CA8e. The. potentiometer is fed by the electric system of the aircraft. The 


~hagnetic Syet ers together with the brushes, maintains a constant position i paces: 





The potentiometer varies its position together with the aircraft during its ‘ele 
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Sie A 


, tion. 
when the aircraft turns, the position of the potentiometer with respect to the 
“magnetic meridian changes, and consequently it also ‘changes with respect to the 


‘prushes. In this way, depending on the course of the aircraft, the potential dif- 


ference between the brushes of the pickup is changed. 


i SSE HL a cee EE 


si snes te AP SRSA Ne 


The voltage taken by the brushes from the potentiometer is eee to the 
three frames (the windings of the stator 3) of an indicator consisting of a ratio-_ 
meter with a moving magnet. \ ratiometer with moving frames may also be used. The 
position of the moving 8 system of an indicator depends only on the distribution of 
currents dn the winding, i.e., on the position of the brushes on the potentiometer, 

a with only one definite position of the moving system of the indicator corresponding 
to each position of the brushes of the pickup. From the scales of the pickup and 
vated from 0 to 360°, the course of the aircraft with respect to the 


magnetif meridian is read off. The design of the magnetic pickup is given in Fig.85 


and that of the indicator in Fig.86. To reduce the vibration, the instrument is 
carefully shock-absorbed. The weight of the pickup is 5 kg and that of the indi- 
gator about 1 kg. 


% 
; 
t 
| 
i 


The error of the instrument is of the same order as that of an ordinary mag- 


netic compass; the lag is +1°, the entrainment at an angular velocity of 1 rpm 


ad a 
Am 


not axcasd 12°; the damping time for temperatures from + 50 to - 60°C does not 


exceed 20 sec. 


os niet gM AMC AMATI FORTCERS mre teat rnb ae AVILOS 


The error of the remote transmission of the compass runs up to + 2 


Section 3. 
_ NAVIGATIONAL COORDINATORS AND AUTOMATIC KAVIGATORS 


Phe automatic determination of the geographic coordinates of a moving object 


As possible in principle by utilising the property of a gyroscope of keeping the 


© pepition of ite: axis in space constant, regardless of “s displacements of the 
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“moving objects and the earth's rotation, and also by calculating the path from the 
variation in speed and course of the aircraft. 
Gyro devices require exceptionally high accuracy, which is technically still 
difficult to Ahiewe: This forces us for the time being to give preference to in- 
struments based on the method of path calculation. In this case, the following 


equations are contumouasy and automatically solved: 


f , 
360 | 
p= BY [arouse Oras aglt 
: Qni? 
. 


“ey * sink E" “iN ie ogg 
2xR Cusg 3 


where U is the windspeed; 
Py 4s the wind angle, i.e., the angle between the meridian and the wind vector. 
The principal parts of the automatic navigator (Pig.87) are as follows: 
A - The ground speed pickup. Since such an instrument does not exist at the 
| present time, the indicator part of a true-airspeed indicator is used instead. Some 
instruments have devices that xuely Soedections for the wind speed. When the pick- 
“ip of the true wind speed is used, the readings of the automatic navigator may show 
aa error whose value is smaller the higher the flying speed. 
B ~ Compasses. 
Cc - Coordinator. 
The airplane aircraft course Or, more accurately, the ealues of sin k and 
e068 k are picked up by the compass, (this is most often a magnetic compass) together 
with, the coordinators. 


: 
} 
( 

i 
i 
4 
§ 
4 
i 
| 


D- Multipliers, which euaeeaay the values of the airspeed by sin k, cos k, 


te » and likewise the wind speed U by cos gp and sin?, (%, being the wind 
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E- A summing device giving the sums: 


‘Voeink + U sin 9, 
V cos k + U cos 9, 


F ~ Integrators making it possible to obtain the values of latitude and longi- 
tude. | | 


Bee 


G ~ Latitude and longitude indicators. 


eh mahal on on 
sROSY EERE SE 
REESE B,C lotresteee mad Sa ra 


y Mie, PIER ONCE 


SUMMING INTEGRATOR 
Sevrew 


WPL | 
V sink+ OEVICE 
+U sin py 
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WILT (PIE 
otvick 


SUF, GUE’ INTEGRATOR 
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| | y, ; 
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Pig.87 - Block Diagram of Automatic Navigator 


ao Since, in practice, the aircraft mast often fly in a direction laid out in 


“advance , the position ‘of the aircraft can. be determined in an BITRE Crery system of 


- | coordinates (Fig.68). 
a 


Knowing th e values of L and D and the points of take-off ,. the value of the 


| erographic co coordinates of the aircraft can be found. 


i: 
a 





ne 
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ne idea of the automatic navigator is best maalized in an instrument that 


| indicates the position of the aircraft directly on the map. ‘Such automatic naviga- 
tors are particularly eonventent for short 
flignts. 
see ) oye | For long flights such an instrument 

requires the use of special maps on wnich, 
within the limits of each sheet, the scale 

is kept constant while the lines of the 
various courses (loxodromes) are recti- 


Linear. 


Section Le 
RADIO INSTRUMENTS 
Modern radio instruments for deter- 
mining the altitude, the distance traveled 


: and the location of the aircraft, as well 
Fig.88 - Determination of the Position 

D. as radar devices for determining the 

of the Aircraft in Arbitrary Coordi- . 

ground speed, angle of drift, and wind 

nates 

i . speed, are all based on the principle of 

ZL - Distance between initial and final 

radio telemetry, developed by the great 

- points of flight; D- Deviation from 

. : Soviet scientists A.1-Mandel'shtam and 

se pours 

H.D.Papalexsi, and by many Soviet engin- 


ers. As far back as 1932, the Soviet engineers DA. Rozhansidy and Yue. Kobzarev 
~ developed and worked out the principles on which the operation of modern radio 
~ Incation snetruments are based. 
The principles of the det ermination of the direction based on radio methods, 
cwere worked out by H.V.Shulepidn, & AN .Shehukin, He Ye.Starik, and others. 


--Peato sondés of the P.AsMolchanov system are used for meteorological explora- 
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-tdon of the airs 


_ Radio instruments are being more and more widely used. But their introduction 


does not exclude the use of mechanical and electromechanical instruments, although 


__ the latter are often considerably less aeourates This is explained by the danger 


of interference in modern radio instruments, as well as by the impossibility of 
using the operating principles of radio instruments in the design of certain instru- 


“ments (for example, of absolute or relative altimeters). The fact that the opera- 


tion of aircraft radio instruments depends on the operation of a radio transmitter 


| on the ground is a major disadvantage of such instruments. 


: ia a} tae 5418 GEER PILE eee eae 

, i capeyne erdenttes ett SPC eee PR Een cUeuGute ae i. ¢ 

: sek sisi: ASI SVE AE UPS SEE OOOO Diteg a aE ad oe neg ae pe CL PRE ES eles ME a? IO PEL ip RI oe : 
SAAD Sta AS NO RRL TNE Sip Ba ee : : : : 
. t 


Among radio navigation equipment, the following are most widely used: radio 


compasses, radio semd~compass es, receivers of radio beacons, radio altimeters, 


course, glide, and marker radio receivers, radio receivers of the hyperbolic and 


circular systems of radio navigation, radio telemeters, radio automatic navigators, 
ete. 


Radio altimeters and radio compasses are very widely used in aviation. 


Radio Altimeters 
Aircraft radio altimeters solve one of the most complex problems of piloting 


and navigation, the problem of determining the true altitude of flight. Knowledge 


of the true altitude is necessary for proper landing, for flying over mountains, or 


oe for determining the height over a given objective. The knowledge of the true alti- 


a tude is particularly important in blind flying (in fog, in clouds, at night, ete. ). 
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| According to the range of altitudes measured, radio altimeters are subdivided 
1 Anto the following classes: 


il - Low-altitude altimeters, used for determining altitudes to 1500 m. 
2- High-altitude altimeters, for altitudes above 1500 m. 


— Low-Altitude Radio Altimeters. Figure 89 shows the operating principle of a 


* Lowaltitude altimeter. The tranamitter installed on the aircraft generates electro- 
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“magnetic oscillations whose mean iene (of the order of PAR) megacycles) can be 

regulated by a modulator. The modulation frequency is of the order of 120 eoviaee, 

_ The antenna of the transnitter continuously enits electromagnetic waves toward the 
earth, and these waves, after being reflected from the ground, are received by the 
antenna of the receiver. . 

| The frequency of the enitted signal differs from the frequency of the reflected 
senda by a quantity equal to the change. in frequency of the transmitter during the 
time of passage of the signal to. the ground and back. By virtue of this fact, a 


beat is produced in the detector of the receiver, in which the aerect and reflected 


; iy ‘ i SEU S/R BERET So = 
AEP eye $ 7m PL Le Robt seg LL LON BE ie teva eT 
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signal are combined, As a result, & low-frequency voltage is daspea Pree the detec~. 
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Fig.89 - Operating Principle of a Radio Altimeter 


, SARE equal to the difference between the frequencies of the emitted and reflected 
. signals. 
This voltage is amplified by a low-frequency amplifier and is then fed across 


an es limiter to a frequency meter, where 4t is converted into direct eupennt 


whose magnitude is directly proportional to the beat frequency. 


An altitude indicator with a scale calibrated in meters 4s connected across the 


-loutput of the frequency meter. The direct-current voltage received in the frequency 


meter does not. depend with complete Linearity on the altitude. ‘There are methods 


gh NN RAL eres 1 


mc transforming —- actual relation into a aM of direct proportionality. The 


nH ET pert eke eam  eemnme ae satis 
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voltage received is fed to an electric differentiater whose output voltage is propor- 


tional to the derivative of the altitude. Consequently, a voltmeter measuring the 


voltage may be ealibrated 4n values of vertical velocity, i.e., a climb indicator 


may be designed on this principle. 
Figure 90 shows the processes taking place in the altimeter. 
The solid Line shows the variation in the signal frequency entering the receiv- 


er directly from the transmitter; the broken line shows the variation in the frequen- 


cy reflected from = ground. At constant altitude, the frequency of the second 


signet varies by the same law as the frequency of the first signal, but with a lag 


by the time T. The higher the altitude of flight, the greater is the shift in time 


between these two curves and the ereater the difference frequency between the direct 


and reflected signals, which characterizes the altitude of the aircraft. This fre- 


quency is called the beat frequency. 


The beat frequency, that is the frequency of the Low-frequency oscillation gen- 


erated in the receiver is a constant quantity, except for short time intervals when 


it drops to sero. At the detector output, a voltage of the difference frequency 


is generated, where F,, is the beat frequency in cycles; 


Af is the difference between the maximum and minimum frequency 


of the transmitter; 
AP is the modulation frequency in cycles; 
H is the flight altitude in meters; 
a is the elocity-of propagation of ihe seadio wave; 
k is the proportionality factor. 


Asa Tule, the low-altitude radio altineter has two measuring ranges, and a 
- awdtch is provided for change-over. 








‘The firet range from 0 to 150 m is used in take-off and landing; the. eaeena 
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“range, to altitudes of. 1500 Me 
The accuracy of. such an instrument is 5b t 2 


The use: of a pra eee es altimeter for measuring high altitudes is im 
, poaattile aince in this case we would require a very high-power tress: 2a, which 
would be eapatile of absorbing all the energy of the electric system of the aircraft. 


High-Altitude Radio Altimeter. For measuring altitudes of flight above 1500 m, 
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Fig.90 - Principle of Cperation of Padio Altimeter 


a ~ Variation in frequency of signals; b ~ Beat frequency 
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: pulse radio altimeters are installed on aircraft. Such a radio altimeter consists 
a3 of a radio pulse transmitter and a radio receiver both in a single unit, of a trans~ 
ere and receiving antenna (of symmetrical vibrators) and of an indicator unit. 
pd gure 91 is a block diagram of a high-altitude radio altineter. The powerful radio 
ee with 8 narrow directional radiation exits short pulses spaced at uniform 
~ Hime intervals Tv with a strictly constant hd. gh- frequency repetition (the repeat fre- 


_ quency 4s 100 or 1000 cycles, and the palse period is 0.5 or 1 microsec). This reg- 
oslarity of Eeneretsos is assured by using a special instrument called a chronizator. 


The pulses so Beara es are fed into the modulator of a high-frequency vacuum 


"tube obettlators ‘The latter generates high-frequency pulses in the decimeter wave 
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"band and radiates them into the lower hemisphere to the antenna, 

| The tine intervals between the pulses are many times the duration of the pulses 
Sataetl, The pulses of the radiation are propagated with the ‘speed of light, c. 
: In the intervals between the pulses, the radio receiver operates and picks up 
the reflection of the signal from the ground, with a lag of time T equal to the time 
| a eeu ren for the pulse to reach the object and return to the receiver after reflec- 


"tion. ‘The time T depends on the flight altitude H: 


H, ect , | y 
Hv (TV¥.35) 


The direct proportionality between the time T and the altitude of flight allows 
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fie 91 ~ Diagram of Ripe ses Radio Altimeter 
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2 ‘the distance H to be deterdiued by measuring the time T between reception of the 


pulses @ and reception ‘of the reflected signals. 
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- Sdnee the velocity of propagation of the pulses is very high (300 , 000 km/sec), 
the time T so obtained is very small (l microsecond sspcoupsdn to 150m). At the 
‘ same time, the accuracy of measurement of these short time intervals mst be very 
ae | 
| The receiver of’ a“radio altimeter is constructed on the conventional superheter- 


odyne principle. The signals, after detection, are amplified in an amplifier and are 


Eun) 
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_then fed to the indicator. 
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strument for measuring time is the cathode- 
ray tube, which is similar to the tubes 
used in osciLlographs and television sets. 
The diagram of such a tube is shown in 
Fig.92. The electron gun (1) throws a 
narrow beam of electrons on the screen, 
which is covered by a substance that 
fluoresces when electrons impinge on it. 

At the point of impact of the electron 
beam, a bright luminous spot is formed. 


3,4,5,6 - Metal plates 
. If the direction of the electron beam is 


i rapidly and periodically varied, the luminous spot will be rapidly displaced on the 
. ~ ‘sereen, forming @ luminous line on it. At a large number of such displacements per 
| second, taking place in one and the same order, the eye perceives the erece of the 
“|, electrons on the sersen as A stable image, similar to the flashing of images, in- 
__-wiatble to the eye, on the seas screen. The electron ray causes: Cotween two pairs 
of metal plates, 3,45» and 6 which are arranged in mutually perpendicular planes. 
cit a positive voltage is impressed on one of the plates and a negative voltage on 


_. the opposite plate, the electrons are attracted by the positive plate and repulsed 





bi by the negative plate. As a result, the electron beam and, consequently, the luni- 
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abe in the Pulse Radio Altimeter 
4 ; . 


fhe alterna TO in a is 
ing itage U,, varying by & gawtooth law, a& shown 

ae . d cha in voltage, the Llumi- 

: th plates (3) and (4)- after each abrup* change : 

cam ied to the 
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7 | 
nero, the luminous spot is at the center of the scale. On further variation of the 
| wwoltage, an ever increasing positive potential is created at the plate (4) and the 
eisai beam is displaced to the extreme right-hand seni ons In this position, the 
voltage again abruptly changes its polarity to-the opposite value, and the ray, being 


| then attracted to the’ plate (3), passes to the extreme left position, after which it 


sans arb 5 forneet Kae SSA perenne bag SES SH IED RATA PIP a aah TA ei lal 


ALTITUOE 


FPS A ELDON INL ERROR END POD ORNL Re ETE RE LT 


6) 


Fig.9l, - Indicators of High-Altitude Radio Altimeter 


a - Cathode-ray meter; b - Circular-motion electron meter 


i 

é 
| 
i 
ae 
| 


again begins smoothly to move to the right, and so on. ~ 
: The pulse signals of the radio transmitter are emitted each time the voltage 
ae undergoes an abrupt change. In the inst ‘rument, the signals of the transmitter 
Ona receiver are rectified, resulting in two voltage pulses as shown in Fig.93b, for 
4 gag cycle of variation in the voltage U,. It is these pulses of U 


i 
‘the plates (5) and (6) of the cathode-ray ‘tube. - In this way, during the time of its 


that are fed te 


= potion along the xx axis, the electron ray is twice throw into the direction Ys as 
 ghown in PigeGha. The distance between the obtained image and the straight line is. 
i acon to the time T between the pulses, and to the altitude He 


© By using’ another method of controlling the electron ray it is ‘possible, instead 
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A 


of a rectilinear dtoplacenent of the Light spot alone: the hecieoneal: axis, to obtain 

a cireular motions In this case the initial mark and the mark corresponding to the 

measured altitude take the form of peaks or r pipe on a circle (Fig.94b). The existing 
2 models of high-altitude radio altimeters have, an accuracy of measurement of the order 


Radio Semi-Compasses and Radio Compasses 
The methods of ‘aorainiie the position of an aircraft based on the use of ra- 


dio seni- compasses and. radio Scanseses are very useful to aviation in many cases, 
eye high latitudes, where the use of eae compasses is difficult or 
pampicaaete: 


The radio semi- compass and the radio compass allow the direction of the axis of 


the aircraft to be determined with respect to a ground radio station. The aoa 


’. . compass differs from the radio semi-compass in that the latter automatically indi- 
_ cates the direction of the ground radio station, while the former requires the in- 
_ tervention of the navigator. é 
7 By ‘using a radio send-compass the angle [] between the direction of flight 
toward a given radio station and the longitudinal axis of the aircraft can be de- 
termined. 
By means of the radio semi-compass and a magnetic compass, we may determine the 
—e of true radio bearing fly + il, i.e., the angle between the meridian at the posi- 
- tion of the aircraft and the direction to the radio station (Fig.95). By connecting 
a points of the earth's surface at which the angle of true radio bearing has one | 
and the same value, we obtain the position line, L.e., the line of possible posi- 
tons of the aircraft. The radio semi.—compass does not indicate in exactly what po- 
- phtdon on . this Line the aircraft is located. in ender to determine the aircraft po- 


~aktion auxiliary methods must be used; for example, the true radio bearing of two 
~ ground: tranmadttere may ‘be found and in this way two eee lines may be. obtained, 














t 
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| . Whose point of intersection determines the position of the aircraft. The diagram of 


the radio semi~compass is given in Fig.96. The instrument has two antennas, one 


loop and one open vertical antenna. The relation between the strength ef reception 


| VERTICAL 
ANTENNA 


RROO 
RECEWERY 


wig: 


Fig.95 ~ Reading of the Radio Compass Fig.96 - Summation of Signals from 
P ~ Ground radio station; lly ~ Course Loop and Vertical Antennas 
angle; tf - Bearing 


yy the loop and the angle y between the plane of the loop and the direction to the 


“ 
wy 

§ 
4 
- y 

| 
i § 


nee radio station is given in Fig.97. The signal becomes loudest when the plane of the 
oO ee is directed toward the transmitter, and is equal to zero at two diametrically 
» opposite positions of the loop, 90° and 270°, when the plane of the loop is perpen- 
“dicular to the direction of the radio station. In order to determine which of the 


~ positions of the loop. is the correct. one, the open antenna is used. 


‘The high-frequency signal voltages from both antennas are combined in the com 


ot 
4 


0, ‘son eireult (Pig.96). _ By choosing the matual inductance M, the voltage of the open 


¢ 
af 


antenna (a constant quantity) is nade equal to the maximum intensity of the ‘voltage 
~ the: Loop” (ox the coincidence of its loop with the direction to the radio trans- 
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_ miter), By the aid of capacitor C, the phases of the voltage from the vertical an- 


-tenna and the voltage from the loop are made: to coincide when its plane coincides 


STRENGTH 
Of RECEPTION 


Rae . t 
saben egy a saute 
SOI ee ge TILIA SN pee a a aR 


oa 0 


Fig.97 - Diagrem of the Directivity of the Loop 


“with the direction to the transmitter. ‘This coincidence is possible only in one of 


the two positions of the loop at which audibility is zero, since in the diametrical- 


ly opposite positions the sign (phase) of | 
the voltage changes (Fig.96). 

| By adding the voltages of both an- 
tennas we obtain a total characteristic 
from which it will be seen that at y = 190°, 


the total voltage is zero. 
Only in this position of the loop 
will the signals from the transmitter on 
BS oF the ground fail to be heard in the ear 
Fig.98 - Obtaining the Voltage , 


7 | 7 4 phones of the receiver. At Y= 360", t 
Difference U) - Uz for the Indicator : 


| "3 totel voltage reaches its max imum. 
of. the Fadio ee een 


i 
ay 


This method of determining the two 


ee is not the ¢ only possible o one. Vor often the following procedure is ; used 


i 
ek 
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bw 


lof the pate coming from’ the loop antenna is reversed; in this case, the total. 


an 
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Pee : a 


7 ‘Oat an 1 angle ory °, instead of at Y = 8. 
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| In the radio bar eeea ‘the ends of the 5 160k are periodically switched over 
"si. ey the ‘voltage U impressed on the indicator consists of the difference between 
: 2 the two voltages U, and Ug,’ depends on the angle y of rotation of the loop 
"(Gf.Pig.98), and has a positive value at angles from 0 to 90° and at angles fron 
270 to 360°, and a negative value at. angles See eanles 

! At a voltage of U-= 0, the pointer of the instrument is at the midpoint of the 
~~ seale. When U is positive, the pointer deviates to the right, and at negative value 
of U, to the left; in the former position of the loop, when y = 90°, the reduction 
en the angle, i Ge, the POERY ee 20% the leftward rotation of the leop toward the 
 gere position, Leads to a . right tward deflection of the instrument pointer. In the 
eo position, when y is 270° such a rotation leads instead to a leftward deflec- 
ie of the pointer. Consequently, the first position will be the correct one, and 
the radio station is actually located to the right of the perpendicular to the plane 
beer cheese: ‘In order to determine the line of possible positions of the aircraft, 
the loop antenna is used, since in this case the minimum of reception will be sharp- 
“er. To find the correct position, both antennas are used. 


By the aid of the radio compass the same problems are solved as by means of the 


_-radio semd-compass, except that in that case the correct position of the loop of the 


radio compass is automatically found by means of the following system, which sets 
* the loop ina canes ay with respect to the radio station. 
we The automatic radio compass consists of a radio receiver which automatically 
“locates the loop antenna, an automatically rotating loop antenna, an open nondirec- 
tional antenna, a bearing indicator, a control board, and a relay box. In tuning 
a the receiver to the wave of the radio station, the output signal from the radio re- 
~ _cedver 4s supplied to the mechanism that rotates the leop, forcing it to turn this 
~ oop until it coincides with the direction toward the radio station. After setting 
: - the loop in the direction of the ree station, signals in the receiver disappear 
Taae the rotations of the Loop stops. ‘The loop is connected with a ‘smmehrenous: elec- 
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trie transmission from the indicators of the radio compass, whose pointers change 


their position when the Loop is rotated and stop together. with it, showing the bear. 


MUEQ eee 


ing of the radio station. 


if the aircraft ‘continues changing its course ‘until the ple: of the indica~ : 


tor is at zero, and then ene the pointers of the indicator at ROT Oy: its flight in. 


-. the direction of the radio | station will be insured. 


Figure 99 shows: the block diagram of the radio compass. 
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Fige99 - Electric Block Diagram of the Radio Compass 


_ In the Loop antenna, the incoming electromagnetic « oscillations set up an enf — 

ea | whose value is smaller the closer the plane ef the loop is to a position normal to 
- the ‘direction of the incoming waves. At the moment when the plane of the loop is 
__ perpendicular to the direction of the wave, the emf of the loop is equal to zero. 


On passage through the zero position, the enf of the loop changes its ROBE by: 180°. 
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"with respect te the ent of the nondireetional antennas In addition, the emf of the 
| Loop has a 90° lag relative to the emf of the open antenna. | | 
The emf of he toon; after amplification in the high-frequency amplifier stage, 
| | | is fed to the phase shifter where it is 
given an additional phase shift by 90°. 
‘How the emf of the loop may eitner coin- 
ede with the emf of the nondirectional 
antenna or (when this loop passes to the 
zero position) it will have a phase dif- 
fering by 180° from the emf of the anten- 
a The balance modulator on which the 
emf of the frame is imoressed, is designed 
so as to indicate its phase and, conse- 


7 quently, also the direction of any devia- 
Pig.100 - Diagram of Yoltage in the 
tion from zero position. 
Channel of the Balancing Modulator 
: The low-frequency (60-100 cycles) 
a - Signal of loop after 4 go? phase 
| oscillator feeds two generated voltages 
shift; b - Modulator to low-frequency 
: with pEpenst® phases to the rrid of the 
yoltage in balancing modulator; ¢ - Out— 
modulator tube, a balanced modulator, to 


t.. put of first half of signal from balancing 
ee a | which the emf of the loop is also fed. 
modulator; d - QGutput of second half of 
coe a “2 ~ = -*Figure 100 is a diagram of the yoltage in 
(". gignal from balancing modulator; e - Sig- 

a. the channel of the balanced modulator. 
ate from nondirectional antenna; f ~- Re~ . 
| | The graph (Fig.100a) shows on the 
, sultant senay after GombIDEL AP of mod- | 
left and right the variation of voltage 
lated signal and. signal from nondirec~ | 
: in the loop when it is deflected to the 

tional antenna | ey ge 

‘left or right of the neutral position. 


am direction is fed to the grid of the modulator tube (a double triode). 
a 


Plaue: 1000 shows the variation of the voltage from the Low-frequency oscillator 





STAT 
(164 | 











"acne ah a nA SELES AO 


 Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7_ 
eclassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7 





on one of the grids of the tube. When this ere is positive, a high-frequency 
current. corresponding to the voltage on the grid, passes through the plate circult 
of this section of the tube, as showli in Fig.100c. 

At this time, the voltage on the second grid of the modulator tube is negative, 
and there is no current riey an the plate circuit of the second section of the tube. 


When the Low-frequency voltage on the first grid becomes negative, the current in 
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FigelOl - The Radio Compass Set 


Niece Dearie ta 


1 - birectional antenna; 2- Nondirectional antenna} 3 ~ Radio receiver; kk ~ Re- 
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lay box: 5 - Bearing indicator; Gx Bearing indicator, pilot; 7 - Control panels; 


8- Inverter’ 9 ~- Headphone 
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| the plate circuit of this section is interrupted. The voltage from the second 
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grid then becomes positive, and a high frequency current flows in the plate circuit | 


of the second section, as shown by Fig. 100d. The current of this section of the 


tube, in the winding i! (or. Fig, 99) of the transformer T, has a direction opposite 


. to the plate current of the first section. of the tube, 


phocantiaes ence pe Frrect teh arto rip perez Rear ery Sef = 
PE tek eee SC aie nO eS bees Rtg ye AER Gy 


PSSA PLS 1 REPT NED SIRS ONL ORT SHE SAD BSCE RENT OIE TB RNC NE a 


For this reason, the high- 
frequency current is Fig. 100¢ is shown a3 opposite in phase to the high-frequency 


voltage coming from the loop antenna (cf. Fig. 100a}« 


In the secondary winding ef the Peaneesniss T, the unmodulated oscillations of 
the game frequency coming from the nondirectional antenna across the erimary wind- 


ing 1* are added to the modulated high-frequency oscillations from the loop. The 
¥ é p 


current in this winding is shown in Fig.100e. 


The result of the combination of the oscillation shown in Fig.10Ga,c,d, and e 


is shown in Fig.l00f. These are modulated oscillations with the modulation phase 


of their amplitude being determined by the direction of the deviation of the loop 


from the zero position. 


The total high-frequency voltage is amplified in the receiver, after which it 


is detected and is again amplifi ed at low frequency. At the output of the receiver 


a low-frequency voltage, corresponding to the law of modulation of the input signal 


~ is obtained. The phase of this voltage likewise depends on the direction of the 


deflection of the loop. | 
At zero position of the Loop, there is no high-frequency voltage. In this 

; ASS there is also no sovotrequency sitate at the output of the receiver. 

: The voltage taken fron the output of the receiver is amplified in a magnetic 
power amplifier a is ‘fed to one of the phase windings of a two-phase asynchronous 
> motor. The aeeand phase winding is, fed oy alternating current from an inverter. 

gg The notor rotates the Loop until it is set in zero position, after which the ioe 


| __~> frequency voltage at the receiver output diawnusats and the motion stops. When the 


Big ete ee ae 


“Loop. is deflected tovard the other side, the Low-frequency voltage changes its | 


__ Phase by 180°, asa | result of which the direction of rotation of the motor is 
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reversed, ond the motor again returns the loop to the sero een! 
The radio compass is fed with direct current (tube filaments, control signal, 
~ ete. ). from the airoraft 27 evolt system, while the ae current feed (supply- 
“ing the circuit of the radio receiver, notor, etc.) is supplied by a 115-volt 
_- 00-cycle inverter. | ; , 
There is a contral panel for the remote control of the compass. Figure 101 


‘ : a x : men 8, 
shows the complete set of the radio compass 
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CHAPTER ¥V 
GYROSCOPIC INSTRUMENTS 
Section 1 


BLEMENTARY THEORY OF THE GYROSCOPE 


‘The Concept of the Gyroscope 


“In technology, a flywheel (rotor) 1 (Fig.102) rapidly rotating about its axis 


of asymmetry, held by one or two likewise movable rings (frames) 2, called gimbals, 


is known as a gyroscope. 
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ead 


2 
ASE AY 


ei 


ots a 


Fig.102 ~ Gyroscope with Three Fig.l103 - Angles Determining the Di- 


Degrees of Freedom rection of the Hoter Axis in Space 
; a 


1 - Rotor; 2 : Frame af = Azimuth; B ~ Altitude; Q - Yelocity 


of the natural rotation of the gyroscope 


af 
4 
_ ¢ 
. 


eS 


‘Depending on the structure of the suspension, the number of degrees of freedom 
_. of the gyroscope varies. With two movable frames the gyroscope has three degrees 


of freedom, since the rotor may rotate about three mitually perpendicular axes XX, 


yy az. If one frame is made immobile, the gyroscope will have two degrees of 


| freedom. : 
as | The axis xx of rotation of the rotor is called the principal axis, and the 


Fee wee Linney nee nbn Deme Ve 


as? 


- rotatdon of the rotor. about this axia is known as the natural rotation of the gyro-" 


en 
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= SOOPCe, Tho gimbals allow t the rotor axis to occupy any position in space determined 


wes. 


by the asimuth B and the elevation 8 (Pig.103). If the moments of the forces of 
gravity vith respect to all ‘three gyrpscope axes are equal to zero, the gyroscope 
marr called astatic. this is possible is two cases: 


1. When all three axes of the gyroscope xx, yy, and az intersect in a single 


tA ROR Bal OS NCEE IN AION ” ae 


. point which remains fixed when the gyroscope moves and coincides with 


the center of 


gravity of the gyroscope; 
2. When the center of gravity of the rotor lies on the xx axis of natural ro- 


tation; the esnter of gravity of the system rotor - inner ring is located on the — 


et axis of this ring; amd the center of eravity of the aysten rotor - inner ring 


mak 


outer ring is located on the yy axis of the outer ring. 


moment of the forces of cr oscope axis is 


.not equal to zero, then such a gyroscope 1s 


& gyroscope is known as a free gyros¢ope if no external forces or moments act 


tat & 


In considering gyroscopic phenomena we are dealins with the rotary mot 


3 ° 
205 8 
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| 


- a body which are characterized by the direction of the axis of rotation, th 
of the PareteGs, and the angular velocity of rotation Q, i.¢., th 


Ba¥ 


teraned by ¢ the vector Qof this velocity. we will erovensecns 

= vector Q to be placed in such : way that, when looking from the point of the vector, 
~ the motion of the. rotor is counterclockwise. In this case te is a dest debeuiey: 

a tem. The length of the vector g is laid off on a definite scale and corresponds 
~to the magnitude of this velocity. | oe | 

The value of the angular velocity ie ‘measured “in Veee. rf ie haebee ee eee, 


‘olutions per minute ny or per second n. is 5 known, then the quantity: Q may be found 
fm the equation | | 


ay 
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is used. © 
” 4 
The rotary motion is due to a moment of force or 2 couple. 


The mopent of the epee is anata. Sy the. Poemile 


aft VTS 


mw FR aR sin XX 


force; 
is the arm of the force; 
is the angle between the direction of the foree and the axis of rotation. 


nae + 
the force acts at an angle of 90° to the axis, then 


4 mr 4 - weet 4 
fhe moment of force is represented likewise the fart a vector place 
ssc oe : : 
the axis of rotation and directed in such a way that, when looking from its tip, 


| 3 bod ds to turn bod; unterclockwise. The kinetic 
the force applied to the body tends to turn the body counterclockwis The } ‘ 


bia 


| i i Piee Gent 
_ energy (vis viva) of a rotating solid body is expressed by the formula 


| iC ge | 
r= Davin Doe 
“but, mines z mar ® a fs rin = dye it follows that 


a, 
i J,8 


f the given body; 
y is the velocity in n/sec; 
2 is oe angular velocity of natural rotation; 
eyes Ae the~ distance: of the given: sae tsi from the axis of ceceteas 


aes 4s- ‘the moment of: Anertia of the body with respect to its axis of rotat Lor, 
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Knowing the Mass of the body and its form we aey. determine the moment of i 
_ Ma of the body with respect ‘to any axis. If the body is of <eieves form, it is 
aivided into simpler bodies, and unese moments of. inertia with respact to one and 

. the same axis are. found. ‘Then, by summation, the moment of inertia of the whole. 

| yoo found =e respect to the same axis. In cases where the form of ‘the body 
is so complex that the moments of inertia cannot be caleulated by this ethod, ine 

“moment of inertia of the body is found exper ime entally. 

‘The moment of inertia of a rapidly rotating sy mmetrical: gyroscope with respect 
to the prober axis will ie-dengted in what follows by the letier on an nd with res Le 
to the other two axes by A. 

If a rotating body is eeoned to the effects of several forces, the sum of the: 
moments of which, with respect to the axis of rotation, is equ Z then the 
body will move without angular acceleration. 

If the sum of the moments applied to the body is not equal to zero, then the 
body will move with an angular velocity which is measured by the increment of angu-. 

lar velocity of rotation in unit time. 
: The displacement, velocity, and acceleration of a body, relative to a fixed 
"system of ccordinates are called absolute, and those relative toa moving systen of 


~, coordinates are caried nelasiye: The motion of a moving system of coordinates 


co with. respect to a fined system is called transport motion and is characterized ae 


the transport vel ocity Vz and by the acceleration age 


‘The absolute veneee Vora certain point | A which is in - complex motion is 


{ego to. the geometric sum of the relative velocity ¥, and to the transport veloc- 


| ity Ve 


Yu 


Steen tHE Mma ee ee a ae AN Etta ge career ents tea be cept ee at 


By analogy, the absolute acceleration 4 = a, + ay. 
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{ 


If a “transport motion te rotary, then the rotary acceleration Bes which is 


7 alse termed the Coriolis BSoRTeE nbn, must. be added to ‘this acceleration: 


ana, ta ae 


Let us assume that Oxy is a certain fixed system of coordinates (Fig.10h) and 
| Oxy, is a moving system of coordinates, 
the system of coordinates Ox,y, being in 
uniform rotation at the angular veloci- 
ty w about the point 0. Then the angu- 
lar dtapiatenent @ of this system in the 


| | time T will be 
Fig.104 - Determination of Absolute 


Acceleration at Rotary Transport pawt 


oe 
“4 
ob 
“3 


Hotion 
| Let us assume that, in turn, 
Oxy - Fixed system of coordinates; : 


; is dienlacead 


= 


Ox yy ~ Moving system of coordinates; 
to this axi the velocity 
i» - Angular velocity of rotation of 


t 
where r is the distance between point A 
moving system of coordinates; r - Dis— 


es and the origin of coordinates. The tra- 
oo. tanee of point A from origin of coor- 


jectory of the point A, performing a com- 


4 
t 

Ea 
oy 
| 
a 


dinates; V - Absolute velocity of 


Leste | plex motion, will be a spiral. The abso- 
‘point A; V_ - Relative velocity of | 


. . | lute velocity ¥ of the motion of the. 
point A; Vy - Transport velocity of 


point A “represents the geometric sum of 
porn A 


the relative cere Na and the renee: 


| | port velert7 Ve = r of the velocities of this point 
Beta t 28 


| The projection of the absolut e velocity « onto ne fixed cia coordinates may 


ap 


*. : | 
v Py : 2 | | 
Si 
3 Wicohasen diye ismeyys Aaa a ieee eR NE eRe a ee Laden SEEN EE Hs Agripaecna” Bedi ie Sash Mab aba im ante gb He screed ie 7 ty 
Baa haath he Been ee EE oon NS ' Let eS ec Re cee OE ae CABS Bout aeay oP ete: chit ges 
“Bete tetera ra remmaeememe neteemmanrrnen te weenie ne een renee 3 ’ ! 7 rn 
* , . Fi seg laptia, ogee ee ES rt 
Wek decade alta aeey ce, type Me rgd avant ie eR eet ‘ 


a be “found from the equations 


ay 














oy 
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i 


order to rind ‘Abe projection of the absolute acceleration onto the axes 


use the derivatives of these equatione with respect to time 


Since # “r = ay (transport acceleration) we find the 





reading t, when the axes Ox, and Ox coincide: © = 0; a, * 3, 
We obtain the absolute acceleration a as the geomet 


erations 


(Gata, Ay ta, + WV ga. aa 
ar fea, (v.3) 
The acceleration 2 Yo tad is called the rotary or Coriolis acceleration a,. The 
/ direction of this § acceleration is obtained by ro tating the vector of relative ve~ 
- locity Yo (in our case it is directed along the axis Ox) through 90° in the. direc- 


| ton, of the: tran nsport rotation w ‘In the exanple we are discussing the retary 


stay Gea a ath nlegs ies bs Baines MAL eA Niet teeEE 


| acceleration is directed along the axis Oye 


If the vector of relative velocity Yo is not. perpendicular | to the vector of 


sees agra treater IN Se ere a 


| the. transport angular acceleration w and forms the angle a with it (Fig.105) then, 
go by resolving this velocity into a parallel and a perpendicular component with re- 


- spect, to- the- axia- of: transport. rotation, we find that the rotary acceleration. is. 


ia sak ade aces ee eran o 


due. only. to.the. perpendicular component of this ‘velocity Vo. sin a. The value of 


HOEAS 


1B STAT 
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the rotary acceleration is determined by the expression 


_ The direction of ‘the acceleration Be is determined by turning ‘the component Vo sin a 


_ through 90° in the direction of the transport rotation. 
“Thus, on considering the complex motion of a body with a pannepore rotary 


motion, it is necessary to take account of all three accelerations Bor Ses See 


Rotating aonuseope with Three Deprees of Freedom 

Since the solution of the problem of the motion of the sestepa kk respect 

/o te a fixed point under the action of assigned external forces is very gactexs Let 
ia us consider instead the inverse problem: 


Let us assign the motion and find what 


a i: forces or moments cause that motion, and 
ae ¥ casa 


2v,wsin NZ) wnethe the action 
v, sin & . 

of external forces or moments or takes 

place 45 4 result of inertia. 


eee - Rotary Acceleration of the 
| Let the rotor of 3 gyroscope with 


Body in in the General Case of Motion | 
three degrees of freedom rotate about its. 


~- Angle between the direction of rel- ; 
natural axis »% at an angular velocity Q 


“ative velocity. and the vector of , 
(cf. Pig.102). 


‘transport angular yelocity 
| At the same time the axis Ox and, 


~ with ity the whole systen of coordinates OXz, connected with the gyTOSCOpe, rotates 
~ xth the angular velocity w about the axis Oy (Fig.106a). | | 
>. The relative motion of the gyroscope is characterized by the velocity Q, and 


pare transport motion by the velocity w@, ifs «Q . 


‘he relative linear velocity of any point B of the rotor (Fig.1060) is equal 


ay oo to Vg = Me, where Tis the distanc e of this point’ fr om the axis of rotation. 
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ie Cadel + \ 


For points aying on the periphery of the rotor, the velocity V, is determined | 


by. the expression 


where R is the radius of the rotor. 


e 


Pig. £106 ~ Precessional Motion of the Gyroscope 


. v 3 r 
Q- Velocity of relative motions of the gyroscope; w - Transport velocity 


x + 
£ or gyroscope; R - Radius of rotor; Pe Relative linear velocity of 


re -, ~ Masses of poi wir ne 
any point of the rotor; my, Mo, Ma, My, Masses of points lying on tn 


rotor rim: B - Arbitrary point on the rotor body 


The direction of the velocity Vo is shown in Fig.l06b. 
‘The angular acceleration generated by the motion of the gyroscope under Ronee 


wm: 


~ eration is caused by the. component of this velocity along. the axis Oz, i.e., Vo 
-* Vo sin a= Or sin @, 


The value of the oe acceleration is “deternined by the relation» 


ay . 2 %e w» sin « 


| For. all points: of a body Located in the region I, the acceleration is directed 


~ para waile for points | Located in region a it is directed downward (oat the 





me 
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_ selected directions of 2 and 0). 


At the points AA, these velocities are zero| Vo -g, wile at the points oc the 


= accelerations reach their maxcienun value, since Voz . Vo © OR 


It is clear from this ‘that the forces producing the rotational acceleration 
= and causing the motion of the roter about the axis ey with the angular velocity, 
form & ‘couple acting with redpect to the axis Oz, about which, by hypothesis, there 
| as no motion. 
The vector of the moment! of this couple is directed from right to left. 
; Thus, ata transport mot s0n: of the rapidly PORAEAHE gyroscope about the axis OY; | 
with an angular velocity w, due to the coupte acting about the axis Oz, the points m 
ee the rotor will have an accel arate of the direction shown in Pig.106e. Since 
Conese accelerations are not the result of the action of internal forces (the reac- 
tional of internal connections) but appear as a result of the interaction of the 
cn eopenente of the relative velocity ¥, of the gyroscope, directed along the ZZ axis 
: - (the velocity Vion) and of the transport velocity w, it follows that the gyroscope 
—. motion under consideration, about the axis Oy, is the result of the action of ex- 
~ ternal forces or moments. This motion is termed precessional, and its velocity is 
called veiseity of precession. The precessional motion of a gyroscope, at aaret 
glance, seems to be paradoxical, since the external moment M acts about one aoe of 
| - the EYFOBCOpS » while this motion takes place about another axis of the gyroscope. 
ett wi be easy to SOnYanGe oneself. from the rhea example that this contradic- 
“a tion is an apparent one. 
a A ‘body being displaced ina ‘horizontal. plane in a vacuum at the initial in 
‘ ~ stant of time with the velocity V, under the action of the fares of gravity od 
“to vary. its trajectory of motion (which will curve downward along a parablol). 
“ante case, the direction of the velocity vector of the motion of the body will like- 


Stren horny eu cignneana Raters tm 


ies vary, and this variation will be slower, the higher the Anitial ete ty of the. 
~) body. | . 
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“Let us return: to the gyroscope roter. _ Assume that a gyroscope (Pig.107) | with a 
| fixed point G corresponding to the center of. gravity, is subjected to. the moment of 
"the. couple Me It may be assumed that forces directed upward act on the pointe of 

“the rotor in the region 1; and forces di- | 
“pected downward on those in the region I. 
The point A&A of the rotor is displaced 
with the velocity V,, (the linear rela~- : 
tive velocity of this point V, = QR). Un- 
der the action of. the downward forces, the 
trajectory of the point A must likewise 
curve downward, and the projection of its 
velocity vector Voz gato the plane x02 
likewise secupies the position Vo7, in 
“clined to the plane of the horizon. Cen- 
sequently, the point of the periphery A | 
rotates and moves into the position D. 
This means that the whole rotor, together 
Pig.107 - Trajectory of an Arbitrary . 
. with it, has rotated about the yy axis in 
Point of a Gyroscope Rotor in Pre- 
such a way that its axis now occupies the 
cessional Motion. | 
3 position 212, (Fig.107b). 
cage Thus, under the action of the moment of the external forces M, acting about the 
a axis of the gyroscope rotating at high | relative velocity Yo = 2R about the 2c | 


é 
‘rR . 


ea axis, the gyroscope will begin to preceee. about the vy axis (at an angular velocity 


Let us find the relation between the’ moment of inertia of ee roter C, the ane 


yr) solar velocity of its proper rotation Q, the angular velocity of precession lly and 


“the external moment Me The. direction of the rotational acceleration is. ‘shown in 


Yee nee 
ne Fee AEA EGET ITS Hein wa LE Oe SAY 
¢ 
g 
wa 


a Ses aT aioe tae 


~ Fied06 and the value of the: force applica to the point D of the gyroscope which 





STAT 


th. 
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~ eauses this acceleration, may be found by the formula 


agm* 2Vy mo gina = 2Qw rim sin de 


‘The aadeat Mas produced by the force P is found from the éauation Ma ® Pl, 


i nace 1 is the arm of the moment ae to the distance of the point D from the zz 
axe, and consequently Le r sin Ge 
Then 


Mg * 2Qwr’m sint a = 2 Quny” 
gince r sing * y. 


an the seiaies. of the gyroscope eer a total moment equal to. 
| ae : Boe eas ee 
M = 20 ulmy? + mayS + eee + Dyn]? 2202 my , 


ves where ms Mos ae ooom, are the masses of the particles of the gyroscope; 
: Yi» Yor Yq) ooey,, are corresponding coordinates of these points; 
say” ja the moment of inertia of the gyroscope with respect to the 
plane Ox. 
Since the gyroscope rotor usually takes the form of a body of revolution 
"(roughly in the form of a cylinder), its moments of inertia with respect to the 


= “ rtia C 
~ planes Oxz and Oxy are equal, i.¢., Js Say A, while the moment of ine 
“with respect to its axis of rotation is CG * 2A = 2 2 my*. In this case, the ex- 


“ternal monent is 


Me CQu = He | - | (V.5) 


om 
oe 


. Fi é i. i: 

i. i z ¢ : 

2 é i Sake : 
aiencAtdecailis aesnoaiees) so eemecta eg rae eb Mby acd 


| pince cQ= H (dnetde monent of the gyroscope). The expression (Y.5) is called 
“the equation of precession. 


7 On rapid rotation of the rotor, the vector of the kinetic nonent of the are 


ee TENT Ne itty Peer SH a 


et scope, H, practically coincides with the vector of the. angular velocity 9, and at 
ay SENS 





STAT 
178 | 
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the 2 same time with the Proper axis of the gyroscope. 


The direction of the precession of the gyroscope ‘under the action of the ex- 


o ternal moment, may be found by the pone method: Sqgeuner the precessional -mo~ 


> of the gyroscope, ‘ite vector of kinetic ‘motion rotates, tending by the shortest 


2 path to coincide with the vector of the external moment HM (ef.Fig.106). 


Let us consider the case where the Sioie between the vectors 9 and ay does not 


; equal F-, i.@., when, for exemple, the Bae of transport rotation w makes the an- 


ne gle « with the axis xx of natural rotation: of the eysvrceps (Fig.108). 


. Pige108 ~ Motion of the Gyroscope under 


Let us resolve the vector w inte the 
direction of the rotor axis and the nor- 
the vector w= 
in direction with the vector of 


mal to it. w COS @ coin- 


cides i 
natural rotation Q, while the vector 
#, * 9 sind represents the angular ve 


lecity of precession about the axis OF; 


consequently, now in the equation M = Hw, 


the Influence of the Moment of External 
; wy Pw sin @* a! sin (#2), g0 that the equation 
Forces 


of precession in the general case can now 


. ~ be written in the form 


r . oa 
Sets natin nen etnies Le beads and ges ed dl : 


IT ee hk Ae ah MER Ca 


3 
So meevanetee in 
é 


ee 


M= Hw sin (vQ) (v.26) 


ore follows from eq.(V.6) that: 

1) The precession caused by the action of the external moment M takes place at 
eonatane velocity w, and at the instant of cessation of the action of the external | 
moment , the precession of the gyroscope likewise ceases. 

2) If the Kdnetic nonent H of the 


MON pn eee page Stee cota 


| forces to eared then. the velocity of precession w io will be very emall; at 


rotor is large, while the moment of external 


‘STAT 
és 
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Sag therefore, be. ‘considered ‘that the gyroscope keeps: the direction of its proper — 


; - axis in space. practically constant. The higher the value of H* CR, the more ac- 
7 curately will the constant direction of the axis of the gyroscope rotor be main 
: tained. For this reason, an effort is made to increase this moment as much as pos~ 
5 sible in. gyroscopic instruments, thus increasing the inertia of the gyroscope. | 
3 3) Under the action of the external nonent H, the gyroscope precesses in the 
ie direction perpendicular to the plane of the couple. Consequently, the external mo- 
ment is balanced by some moment, which is obviously the moment of the inertia | 
forces. Indeed, the moment that impedes the rotation of the gyroscope in the di- 
- pection of the action of external forces is basically the moment of the inertia 
: forces due to the ‘rotational accelerations 4,- This moment is equal to the exter- 


nal moment » out with reversed sign. It is termed tne gyroscopic roment® 


Me es -~M = Hw sin (Qu) (v.7) 


The direction of the vector of the gyroscopic moment Hy may be found by rotat- 
, ang that component of the vector w which is perpendicular to the rotor axis about 


-. this axis in the direction of its nolan through gO, To determine 


of the gyroscopic moment, we ordinarily use the following rule: The gyroscopic to-: 
: ment He created when the gyroscope 4s rotated at the instantaneous angular velocity 
u 4s equai to Ke = - He sin (Hw ). This moment is perpendicular to the plane in 


- whch one vectors i and w are located, and 50 directed as to tend to bring the vec- 


* In this case, we neglect the centripetal accelerations due to ‘rotation at the 
- angular velocity We The forces of inertia of this acceleration form 4 couple which 
| acts as though it tended to reduce the angle Qw . The external moment producing 


‘the centripetal scoelerations = mst be o algegraically 8 added to the noment sae 
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: ter a Cees: If the friction in the bearings of the frames in the astatic free 
evens were agsumed equal. to 20rd,” then guch a gyroscope would maintain. its pooi- 
“ton at rest, and-in that case the direction of its axis ‘would remain fixed in space, 

regardless of the rotation of the rotor. L 
: In reality, such an ideal suspension without eieiion is not feasible, and the 
_ character of the trotion of a gyroscope with a fixed rotating rotor would be differ-_ 

” ents. It is ReeOnaLRCES in mechanics that even if no external moments at all act on 


the gyroscope, this rotor. axis will stil remain fixed in space or will agains a 


circular or elliptical. cone, according to the initial. conan iene ‘and that the per- 
dod of that cone wifl be. 


Pa vee 


. Where H is the kinetic moment of the gyroscope; 


Hy, J, are the moments of inertia with respect to the Oy and Oz axes of the 


system of gimbals together with the rotor. 


The motion of the axis of the rotor 


a 
S480 bi. Remar tonee Sor vee 


takes place without the action of an ex- 
ternal moment, i.e., by virtue of inertia. 
In theoretical mechanics this is known as 
regular precession, and in technology as 
nutation. This motion is executed at 
. | Ce g | high frequency, aderesoo Raine roughly to 
aA Pig.09.- Regular Precession of the the wedoosty Q of the natural rotation of 
oe 7 Gyroscope © - the rotor and is manifested in the form 
S ee of motion of the. axis of symmetery of the 
otor minke @ cone about the vector of kinetic moment (Fig.109)- As a result of 


i i 7 A i 5 
ot venom wae det Be eh gees to der eaatyien Sts 


“i 
a3 


Ag mathabeer ee9, Nepetmy 


“| frietion an the bearings of the frames, the nutational oscillations are » rapidly 
+ dasped witle the © precession remains. - 


4 : 
é 
Q Fi I. 
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~ Returning now to the question of the inertialess nature of the precessio | 
tion of the. gyroscope, the following must be remarked: . 
- 7 
| As already stated, the precessional motion of the gyroscope, ia Anmediately 
AS 
. terrupted at the instant at which ‘the causative moment ceases to act. 
- ee | ; nal. o8~ 
| The motion due to inertia, however, takes place in the form of rutatiol 


Lepeappeuhee DALES ap psrierse aes 
RNR RS Aas EK ORES 


| | | on s . 
4 it t ad by the Baxee eye: The above- enumerated properties of the astatic gyroscop 
etecte . 3 


Ths 


ter ex- 
th ‘action of external | ‘moments, which 4s inherent to the gyroscope to a grea 
. 5 


tent than to any other body, opened excellent prospects for the use of the gyro- 
. ten : 


_ scope in technology+ 


j 3 
At the present time, gyroscopes are being used as systems for maintaining 


Ee 
8 
& 


| i etc. 
fixed direction with respect to the vertical, the meridian, the fixed stars, 


° ar of 
hich allow us to determine the angles of inclination with respect to the plane o 
wad : 


ft er a ship, etc. and also as systems for sta- 
j i tic pi- 
" pilizing a given object, such as an aircraft, in 4 definite position (automa 
~ et). 


r observing the rota- 


& 
a4 
4 
ss 


Figure 110 shows the utilization of the free gyroscope fo 
ton of the earth. 


if no external forces or. ‘moments act on the axis of a free gyroscope, it will 


“ maintas a constant position in space. Owing to the diurnal rotation of the earthy 
n 


rver 
| the position of this axis with respect to the meridian will vary. To an obse 


sco se 
fon the earth, moving together with it, it will seen that the axis of the gyre pe 


“| aleo otates and describes, during one rotation. of the earth, a complete cone whose: 
r 


x 
st Pp 


| axis is parallel to. the axis of rotation of the earth. — sees the ap- 
“| parent, motion of the gyroscope. 


& Z Re 
. nd e oe spn on ARETE LB PARA E EY 


2 


b 8 at could not | 
66 | 7 “Thus, « even Ae it were possible es make an ideal tree gyroscope, ; 
SP ae ils, a 


sae Sesh is Sse hte eee eee ee 





cmesmnrgaearitecnnsrnaen cone ganne eT! f 
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a 


“be used for determining a direation that was constant with respect ‘to the ‘earth, 


| since — axis raintains its direction constant with respect to space. 


Af the avi of such a free gyroscope at any point of the earth were directed along 


_ the vertical, then at ali other points of the earth it would indicate ‘the former di- | 


“pection: in space, LeQey & wieesvicn different from that of the local vertical. 


Figell0 - Apparent Motion of the Free Gyroscope 


om gn addition, if such a gyroscope, under the influence of any forces or moments, 


-. were to deviate from the initial position, then it would no longer return to it but 


would instead tend to maintain its new position. Such a gyroscope does not possess 


... selectivity in the choice of its direction with respect to the selected direction 
‘and is "indifferent" in the same way to any position with respect to the earth. 
7 The deviation of the gyroscope from the initial position. may take place under 
“the influence: of the moments of inertia forces which arise in the presence of. all 
cles of acceleration, on displacements, of the object, friction, residual unbalance, 
/e letes The rate of this deviation (precession), if the kinetic mnoment of the gyro- 
:-|seope H= CQ. is ‘properly selected, is small. For this reason, in cases when a 


a pred 


views definite. direction mst be maintained for a limited and short pericd of time 


Hm wb. min), it ds. entirely possible to use an ordinary astatic eyrosconey provided 
86, 4b de. properly. set at. the initial moment. 
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In cases where the gyroscope is Seine operated for a long period, or when it is 
| Ampossible ks gurantee the accuracy of ste setting at the initial moment, it is 
bnpoaseary, even cavity short~period operation, to give the gyroscope axis a selectiv- 
Aty with respect to the earth, i.e., the power of assuming only a single geieetad 


| atrection. 


Two methods are ‘used: for giving selectivity ise gyroscopes with three. degrees of 
freedom: 


The vars method is based on the displacenent of the center of gravity of the 


system meg arom the fixed point. For example, in order to give selectivity with 


respect to the vertical, the center of gravity in the system is shifted along the 
rotor axis (Pig. 111), i 


Rigen ustnetere TE SR RES 


.@, & gyroscopic pendulum is used. 


ae 


{ GMAYIT 


* 


Fig.11l - Giving a Gyroscope, with Three Degrees of Freedom, Selectivity of 


Displacement of its Center of Gravity. 


The restoring moments, i.e., the moments restoring the axis of the rotor to the 


"selected direction, are obtained by a very simple method; however, in in doing this, 


“the dimensions of the instruments are increased and in addition, the oscillatory mo~ 
(tone of the proper axis of the gyroscope, generated in such instruments, ae 
the use of canenng ‘Aevices which considerably complicate the design. 


. 1 
€. te 3 
wl oe es 


a For this ‘reason, a -gecond method. is used in aviation, based on the utilization 
“vier special mechanians (correcting deyioes) which return the proper axis of the ‘gyro~ 


. 
: 
easasnesacesemarsmnonetiote itera sersornsmr ne 
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e acope to the selected discceiens sca retain At at this direction. | 
The operation of the correction device is based on the following | two princi- 
ples: : | | | 
Le During the deviation of the gyroscope, the correcting moment , 1.66, the mo- 
ment produced by the correcting device, is applied to the gyroscope in such a way 
: that it causes the roter axis to move in the same plane in which the deflection 


took piace, but in the opposite direction. 


ese AE DOT SNES EE 


Consequently, the moment that eliminates the deviation of the rotor axis must 
act in, the plane perpendicular to this deviation. 


2. The fact of the deviation of the gyroscope from the selected direction is” 


determined oy conpaEsne the position of the gyroscope with the poashacn of any 
| other device poas ssasing selectivity with respect to the direction selected. 
This device is sometimes termed asensitive correcting element. The selection 


of a sensitive correcting element depends on the fixed direction the gyroscops mast 


‘waintain. For example, if the gyroscope must be set along the vertical direction 


_ (gyro vertical), then the sensitive element is made in the form of a pendulum. 


action of the correcting device is dependent on the comparison of the po- 


sition of the gyroscope and the sensitive element. 


As a result, a system is obtained that combines selectivity (the sensitive 


a4 | 
i 
| 
| 
| 


-. gorrecting element) and high inertia (a gyroscope with a very low rate of preces- 


~~ sion). 


Owing to: this, brief and random deviations of the sensitive element of correc- 


ECHR RIDER TN ERT 


Capris paceten satin DR Biers 92 


~— #4on to not ‘noticeably che the position of the axis of a gyroscope with: a low 


sents o 


oe rate of precession. At the: same time, the precession of the gyroscope that’ is due 


ren pratgtde, HY 


Bie gaa tes susan pe eevee vce ig gute Anot ASD Fae RELA AML ERIE ATS RTOS 
RD aR RS SARE ERR Oe a 


ers 


® sce to noments of friction, unbalances of tha gyroscope, etc. is. elininates in time iy 
means of the correcting device. 3 co - 
7 _The ‘dlagrams of Serene instruments with varicus correcting deve ces. as well 


ae the characteristics of such corrective pene are described in Sections and ho 
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“ ggope te the selected direction, and retain it at this direction. ; 
| rhetopetaticn of the correction device is based on the following two princi+ 
ples; | | | | 
woe During the | deviation of the gyroscope, the eoeraet Wie moment , 4. es, the mo- 


~ ment aaa the correcting device, is applied to the gyroscope in such a way 


that it causes the rotor axis to move in the same plane in which the deflection . 
oe 


, 
| 
| 
OE 

4 
4 
2a 

: 

f 
7  E 
3 
ao 


took place, but in the opposite direction. | 


Consequently, the moment that elininstes: the deviation of the rotor axis must 
. act in the plane perpendicular to this deviation. 
2.- The fact of the deviation of the gyroscope ‘from the detected direction is 
| determined by comparing the position of the gyroscope with the position of any 
other device possessing selectivity with esac to the direction selected. 


This device is sometimes termed asensitive correcting element. The selection 


of a sensitive correcting element depends on the fixed direction the gyroscope must 
 Qaintain. For example, if the gyroscope must be set along the vertical direction 
-. (gyro vertical), then the sensitive element is made in the form of a pendulum. 


The action of th r avice is demendent on the cormarisgen of 


ae es ee the bo 


ee ———— 


. gitdon of the gyroscope and the sensitive element. 
| AS a result, &@ system is obtained that combines selectivity (the sensitive 
~ correcting element) and high inertia (a gyroscope with a very low rate of preces- 
. ston). | 
, Owing to this, brief and random deviations of the sensitive element of correc- 
en tion to not noticeably affect the position of the axis of a gyroscope with a low. 
a rate of precession. At the same time, the precession of the gyroscope that is due 
ee toesasits of friction, unbalances of the gyroscope, etc. is eliminated in time a 
ae means of the correcting device. 
: The diagrams, of Fleece aa instruments wit th various eorrectane. devices as well 


priest AEN ag Tem es 


as the characteristics of ‘such corrective devices, are described in ‘Sections a and h, 
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enero gto toe nea POA CT COTTE 


aaa 


: 4 


i 
i 


Ge ode fet Ro ata 
wt of Chapter VY. 


ay z 


Hoccice with. tvs Damwees Of Freedan 


Gls By attaching an outer frame (Fig.102), to a gyroscope with three degrees of 


- Bod freedom, ise., by deprifing it of one degree of freedom (displacement about the 


Fs % 
tie. 


Hew 


_yy axis; here B = 0, B= 0, 6 = 0) we get a gyroscope with two degrees of freedom 
i... (Pig. 11a). 


see : 
age aa 
Lee uae 


Let us apply to the gyroscope the moment MN, acting about the zz axis. 


BE ny If the gyroscope had three degrees of freedom, then the external moment would 


x 


1S a be balanced by the gyroscopic moment., and a precessional moment would appear about 
“ Baa the axis yy, in accordance with the equation 


ares 
fe a t 
Be Ve eee at 


Figeli2 —-Cyroscope with Two Degrees of Freedom 


z 
z 


Ee imo & * - . 


pe | BB axis, Consequently, under the influence of the external moment Hz, & gyroscope 


| Math two degrees of freedon, in spite of the existence of a natural rotation, will 


5] behave Like any other body, t.e., it will rotate with acceleration about the zz ax- 


eee yr pp ey nde ease A ne oT rem era cele ei Ee NE cepceir oe | 


3 e that no external moments about the 2z axis act on a gyro-~ 


Let us now suppos 


ghey 





; STAT 
186 3 











paints TESA ag Tne te an den FePak atS 


§ Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7 


Sie eget IRI ESD Sy MS: 


‘ . : 2 ° Ae , a5: Fe haat : 
; i al oi ge, gua tthe os api SApladpe Se ee uk tet : , 
. , s eg Fam apaeine BE OT gt RAR cst HS ka er DER Te iv 
Pe ees ieesieey hig wzalis AGRO RROD SOs eS TNW SE ad ed RAR aA Mea NS EME sR TT AS ; 
cat ip Rie coals AG RROD RBI PaO ; 
t . ~~ : : . . “ 





Declassified in Part 2 Sanitized Copy Approved for Release 2012/10/23 CIA-RDP81-01043R001200220003-7 


eee with tito degrees of freedom, 4a Coy that Ms 'O, and that the ‘whole , Anstrument 
| ie installed on a moving base, which rotates. about the yy axis at the velocity te 
“In this case the ‘gyroscope will, as it were, recover its lost degree of freedom. : 
ae this case, the external moment Me coinciding in direction with the angular 
| velocity of rotation of the base, is applied to the gyroscope. 
. A precessional moment about the 22 axis now arises and tends to brave the veo 


“tors H and Ky into coincidence by the shortest route. 


The 2 axis of “rotation of the rotor tends to become parallel to the axis of 


—_ retation of the whole system so that the direction of rotation of the rotor 0 will 
a coincide with the direction of w. 


Such a displacement of the gyroscope Leads to a variation in the mutual posi- 


tion of the axis of rotation ef the moving base and the stosamasie of the rotor 


aa eee) the angle a between these axes varies with the rotation of the gyro- 


- scope in the range from 5 to Os 


If we prevent the rotation of the gyroscope frame, the gyroscopic moment 
fe =-~Hw sin (90-4) =~ H w cos a will act on the bearings, preventing the 
; frame of the gyroscope from rotating. At a constant kinetic moment of the Eyre 
| scope, this moment is proportional to the angular velocity of sotauien of the mov- 
4 ing base and to the sine of the angle between the axis of the rotor and the axis of 
-/ rotation, This peculiarity of a gyroscope with two degrees of freedom is utilized 


jin snstrunents measuring the angular uotoct ss of rotation. 


Section Ze 


MATE PARTS AND ELEENTS OF THE GYROSCOPE 


In their structure, gyroscopic: instruments are subdivided into gyroscopes with | 


Steeda Ane amiensabaniera- cite esa oon i Ke eee tata I PE 


-| three degrees of freedom, and high-speed gyroscopes with two degrees of freedon. 
= Most gyroscopes. consist of the following main units: 
A 


ae 1} -base-or body” of- the instrument; 
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“yotor; 
bearings; 


gyroscope gimbals; 


rotor mo tor, if the instrument js ehectric: 
correcting devices; 


7) arresting devices; 


a es ROSS LINEMEN ante EE SETA RRA ETS = 


‘power sources 
Let us consider in more detail the rotors and bearings, which are necessary 


" elements of any gyroscopic Janerinents. 


BOERS ETA 


: . ai ‘ 
eres ec tenapaeaperesinentinssieti tenses eet Tt ES : 


The rate of precession due to the action of the moments of external forces 
| (ertetion in the bearings, in the contacts of the servosystes, etc.) depends on the 
~ magnitude of the kinetic moment H. | | 
To reduce the rate of precession, the moment of inertia must be increased by 
* Ancreasing the weight of the rotor, and the distribution of the principal mass must 
_be as far as possible from the axis of rotation, or the rotational speed of the ro- 
tor must be increased. 
The possibility of increasing the rotational speed of the rotor is limited by 
the wear on the bearings, which at high rotor speeds (10,000 - 25,000 rpm) operate 
“under severe conditions. For gyroscopic instruments, special types of ball bearings 
ae used, which absorb axial and radial leads with equal facility, and have minizun 
| “ elearances to avoid inpaireent of balances The rotor bearings, which are usually | 
“called. main bearings» operate under more severe conditions Awe the bearings of the 
“i gimbals, since the spindle resting on then rotates at a velocity many times that of 
Sek outer and HEE frames. | | , 


‘yor this reason, the rotor bearings have a shorter service life than the frame 


seta mnced ten eevibet rin Bee ee 


The moments of friction generated at the main bearings and frame bearings have: 


i “Vaafterent ottecte ori the ‘erroscope+ The ponents of ‘friction in the main bearings 
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J affect only the 


power expended to rotate the rotor, 


while the friction in the pear- 


ang. of the. suspension leads to the appearance of a precessional moment of the gyro- 


= scopes and reduces the accuracy of the 


| The ieplacenent of the center of 


~ various axes Likewise nas a different effect 


gravi wits 


instrument 


of the gyroscope with respect to the. 


on the behavior of the EYTOScope. The 


: displacement of the staves of gravity along the yy axis (ef .Fig.l02) does not pro- 


duce a moment. 
appearance of a moment t 


_ pearings of the outer gyroscope frame. 


Its displacement along the 


Pa acting with respect to the 


Lz axis by the quantity t a causes the 


xx axis and absorbed by the 


On displacement of the center of gravity of the gyroscope along une xx axis by 


the amount of the clearance ic, 


i eausing 3a precessional moment with respect 


womt 


a moment + Pe is produced 


relative to the 22 axis, 


to the yy axis at the angular velocity 


° 


he 
H 


Consequently, 4 clearance in the bearings of the gimbals is allowable, but in 


io. the main bearings it must be reduced 


All the gyroscope pearings must be precisely 


‘o.) gerwice life. 


“Lo as possible, and there must be no axial clearances in 


The material of which the 
* J wear. In this respect, 


hon net more than 


| Shkh-15 steel is used for the rigs. 


According to the design of the inner frame, 


vo! and closed types. 
Doone 


In closed-type rotors, 


“+ 
a 5 potar rotates” 
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In addition the friction 


pearing is made must be very 


structural peariite steels with 


the inner frame consists of 


‘to maintain the rotor én continuous rotation 


to the lowest possible value. 


manufactured and must have a Long 
in the suspension bearings must be as esr 
the main bearings. 

hard and resistant to 


1 - 2hCr, 1 - 1-78 © and 


0.06% P and 5S, have proved satisfactory. 


rotors 4re subdivided into open 


a shell within which the 


at a constant tears 
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=| velocity Q, either a pneumatic or electric eae vi ‘used. 


_ The pneumatic grronotor: (Fig.413) consists of the rotor (2) with < a rim on. which 


oer number of grooves are milled. Blasts of air from the two. nowzles (1) attached to 
ee ., of whic ch the 


oa wr 


he inner frame consists, strike these grooves, 


The air brings | 
_ the rotor into rotation. | 


Such gyronotors were very widely used & few years age and 


“are still nee in pneumatic gyro: instruments. At the present ‘Cites however, electric 


| gyronotors operating on direct or altemating current are widely used. In both 


_, cases, they are inverted type gadis motors, that is, the stator is located inside 
oa rae eens an increased moment of inertia and consequently also an in- 


vet aes 


| creased kinetic moment, 


‘Direct-current gyrometors are convenient. in that they can be directly connected 
_, te Sie aircrart pC system and have only two supply leads. A shortcoming of IC gyro~ 


_. motors is the rapid wear of the friction parts (collector and brushes), sparking, 
“ete. 


Alternating-current gyromotors (Fig.1U, 1U,) are more often used; they require no 


~ dead to the rotor, having a short-circuited squirrel-cage type winding and no col- 


_ lector. 


Alternating-current gyromotors require a special three-phase generator. 


Pendulum, induction, electromagnetic, er other correctors are used to stabil- 


Ane the rotor axis wite respect to the earth The feed is through the Dearsner to 
ae stator winding. Tae current—input devices must not produce an appreciable ad- 


T atttonal noment causing precession of the gyroscope, and must not Limit the dis 


‘placement ‘ef the ayroesye with respect to the axes of suspension. 


iif 
Abdenaves aR tin 


ae 
a 


i 


ay 
Exe. 


When the range of displacements of the gyroscope is ‘Limited, so-called noment— 
, Lesa filaments, Letay spiral springs with a very low mocent, may be used. 


eczncty Nyssa Hay ree 


f 
j 


beth 
em 


LE 


Supply Leads are often designed according to the diagram shown in Fig-1L5, b @ 


ol Such Leads do ae restrict rotation, they can be used only with a. two-wire ‘feed 


PRR Alea nas MpSEEN VAT Don NA Pana OF, HURT rete hh expert: ian tino 2 Aa he 


ea Adee in the ‘Form of axial 0 contacts at both ‘ends ‘of. the rotor shaft. “Yhen 
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"<Ydisplacement 4 limited, several axial contacts may be used. 
- §$o-called comb contacts are often used in three-phase motors (Fig.115 b). 


‘The pneumatic instruments receive their feed from vacuum or pressure pumps, 


Figel13 - Pneumatic Gyromoter Fig.l - Alternating Current Gyronetor 
1 - Nozzle; 2 and 3 - Gyroscope 


frames: 4 - Rotor 


waned 
3 


sone Venturi tubes, etc. 


a ‘Electric gyroscopes are fed aither directly from the aircraft DC system, or 


~~ 


i. across a converter yielding higher frequency three-phase current (at about 500 


St. eyeles). 


The accuracy of the readings of gyro. instruments depends to a considerable ex-— 


18.4 tent on the relation between the moments of friction in the bearings of the frames 
A a + 1 : ors 


it! and the moments of the correcting devices, ‘The moment of the correction devices 
a must, be 3.to 5 times as great as the sua of the moments of friction. To reduce the, 


atoeinsa’ 
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“elastic bearings, are used. | * 
= since the rotor of a gyromotor rotates at very high speed, great care must be 
used in ita manufacture. : | Le 

. The rotor, and thus the weight of the gyro unit, is exactly balanced, since 


any unbalance leads to an additional load on the bearing and causes an error in the 


. es “ 
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Fig.115 - Current Leads to a Gyromotor through the Bearings 


a ~ Axial lead; b -— Comb lead 


: 
i 
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e 


1 - Frame of gyroscope suspension; 2- Shaft; 3 - Insulation; i, - Contact; 


5 - Pixed contact plates 


Lh readings of the instrument. ‘The rotor must be made of a material of high specific 


ee 


es gravity which is unifoim and strong, since considerable stresses arise in the body - 


“cs of the rotor when it rotates at high speed. Brass, steel, and bronze are usually 
“employed. 


tenes 


aio, 


ns If the circular velocity V¥ of the rotor, the radius R and the density. of the 


“ugatertal-p are-known, then the stress © in the cirevlar rim of the rotor-is found © 
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| from the conditions 


of equilibriun between the centrifugal force ey, and the 


elastic tensile forces P © oS. An element of the rim with an infinitesimal central 


"angle dais separated. The mass of this element ism pone ese 


On projecting all forces in the direction of the force, P, we obtain the equa- 


| = tion of equilibrium jn the forn 


Fe 2P¢08( 90 a t= Pda. 


- 


(¥.10) 
“In view of the smallness of the angle da, we may take the quantity St instead 


Nl 


3 of sin, By substituting the values 
p- mV = f 7 
R | of P and F in eq.(¥.10)we get 


~ ome 
i == 


‘i == pSV? daex 3Sdz; 


“S Vida sae oSdz, 


+ 


pa 
Giy a n\: o 
t ‘ 


Fig.1l6 - Tension Stresses in the 


Since the material of the rotor, 
Rotor Body 


7 and consequently the assigned allowable 
§ - Area of rim cross section; P - | 


. stress: Cy is known, 4% follows that the 
Tensile force; F - Centrifugal force; : ; 


| | maximum: allowable circular velocity is 
y ~ Linear velocity; 6 - Stress on : 7 


rotor rim. 


In a rotor, having the form of a solid disk of a radius R and a constant 


A et, 


thickness, rotating ata velocity V> 


i 
2 
“ 
{ 
* ae 
| 
ita’, 
oe 
Q 


the maximum tensile stresses will be concen- 


seo wneneeneatennsen anele Gites onh ergy ore ret . 


at trated at the center of the disk. 


~The otresses i) ‘at: the outer periphery are equal to 05 ™ Law pv, where | 
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(V.13) 


If the rotor has a round opening of a radius r at the center, then the maxcumm 


. tensile stresses % 3 at the inner periphery are equal to 


. Steps ear 
G4 som I ; 1 ] “ ] ot 
hoe 


4 


meanaayi pegren poet SMELT TPE ETS EE 


r 
where & = -—. 
R 


pre Teeag Re 


In all cases considered, the value of the stress will be less than ¢ =py* 


(since the coefficient for pV“ is less than 1), and only for a thin ring, when 


Rr, will the stress be “, % oq * ov. 


‘This calewlation does not allow for the strain in the body of the rotor created 


during stamping of the shaft nor for the varying thickness of the rotor. 


In connection with the non-uniformity of the material and the inaccuracy of 


5 
| 
' 


- manufacture, the rotor may prove to be unbalanced both statistically and dynamical- 


ly. Static unbalance is expressed in the failure of the center of gravity to ccin- 


"cide with the axis of rotation of the rotor, and to its being displaced from it by 


RERUNS EARS THER REN or 


a certain distance E (Pig.117). 


On rotation of a a unbalanced rotor, the centrifugal force F = mQ*e 


| - is generated, creating a pulsating Load. 


‘To eliminate this shortcoming, static balancing of rotors is used, detect” 


| the unbalance on a special eae and then drilling holes in the body of the 


| rotor on the heavier side. 


ce Sisecocwchemomss Bb Peat apt arsietile sts AEP Sis 


an tn Pane 


— Dynarde: unbalance is expressed in the eer ee of a moment sieis of forces) 


Ty the centrifugal forces that appear on rapid rotation, even though the center of 
ie 
- 


gravity o of the. “body lies on the axis of rotation. 


oy 
EX 


Suen ae anee. may be obtained, 
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| for eis. as a result’ of a skewing ‘of the rotor shaft during the stamping, as a 


“result of nonuniform material of the rotor, etc. HOvorS 3 are first subjected t to 


Ms ‘stad: balancing, followed by dynamic balancing. 


After static Bianeing the rotor ig) 
fixed in the frame and set in rapid ste 
tion. If vibration occurs, this indicates 

dynamic unbalance. 
Plastilline or wax are used for. bal- 
ancing the rotor (Fig.118), after which 
- — holes are drilled at places ouposite the 
Fig.1l? - Static Unbalance of Kotor 
point of application of the wax; the wax 


. is then removed. For balancing it is necessary that the weight . of the metal re- 


css congas tatigenass et Bt ata OLE GESTED RECS AS TOC ASNEE NE PO nd ee GEE ESSE REET Gy SU CRUE Ee ne OES 
wig ea ned a UN OSE DIES ERE SB TETSU ENE TS EUS oti one ore St SSE EERE es " ‘ 


__ moved by drilling satisfies the equation (rl * PRL, where P is the weight of the 
 plastilline and r, 1, R, L are the dimensions shown in Figs. The static and dy- 
namic unbalance are tested on special instrmments. 
| Pritted aie: As already phates) the increase of 
the kinetic moment of the rotor is ob 
tained by increasing the moment of iner 
tia and the rate of rotation. 
The increase in the rate of rotation 
is limited sainly by the quality of the 


he AS ball dearings. 
Fig.118 - Dynamic Balancing of Rotor 
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: + z t Ge ge = : . 
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It must be Peete that, in a pneu- 


lina erates Fee 


matic instrument operating in a vacua, 
“| the variation of the aa vances (p, T, ete.) of the atmosphere with height have a 


-| great influence on the operation. 


Nase radi 
A 4 * 
3 ¥ 
~ stad nace diaaies sics 


if She dns Lasnt epereh es on compressed air, the form of the blades of the 


a atone PES TUE 


: [miniature turbine. and che e guide: nogeles (the body, of the rotor may be considered a 
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. "miniature turbine) exert : a greek Anfluence on the rate of tis of the rotor. In 
\ the electric feed not only the power supplied ig extremely bo reant , but also the 

7 wetnoa of manufacturing the electric motor ‘that turns the rotor, which affects the 
oF rotor effi dency. In designing a new gyroscopic instrument, the designer in most 
eases does not calculate the MONON, but is veers by the standards in force at 

| the plant. 
In deetenue gyre instruments it is necessary to allow for the ventialtion } 

- Losses, 1.@e, losses due to friction between the rotor and the air, on which as 
- "much as 80-95% of oe the energy required by the gyroscope may be expended. 


To reduce these loss4s, the rotor is given a lenticular streamlined shape, pol- 


“ished, and Bee ina special chamber whose inner surface is likewise polished. 


Fig.119 - Rotors of Gyroscopic Instruments 


Figure ae shows the most. common type of rotors. The roters shown in Fig.119 
- Pig 228 a, b are characteristic for pneuratic low-power gyroscopes. The rotors in 
+ Fage129 bandc are sometimes used in teu power electric instruments. The rotor in | 
~| Fig 119 d ‘s characteristic of electric gyroscopes rotating at high speed. 

The dimensions and characteristics of rotors of a few gyro instruments are 


ins in Tables 3 and he 


OF Keon 
} 


The rotors of pneumatic ib eas a are mage of alumimm-nickel proms vith « & 


eae eA eet 


at specific gravity of 1 7 
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The rotors of electric gyroscopes are made of paeipeaite otek with a specific 


gravity of 7.8 - 8.2. | 
In designing 4 a instrument, the specifications for it and the neces~ 


" “sary accuracy of operation. of the instrument, together with its dimensions, are 


"” “preseribed. 


Table 3 


wey Bap bxti-oe ig ote ea pap iit a em CEES 
_srige eg oN ESOS DE ey eM PER CR PE Sot OO 


. : raat coach tie 
eee sen SN SSA NORRIE SS LITRE RAN EE FAY OES 


Characteristics of Rotors of Gyro Instruments 
Model of Weight Homent of | Angular Kinetic Instrument Type 
‘Rotor in grams Inertia in rpm Velocity Moment 
gm-cm-sec* 1/sec 


3.5 2094, Anschuetz V-02-50 


56 2091; Anschuetz three-rotor 
| gyro 


1050 Sperry aircraft hori- 
zon 


1A10 Electric turn-and- 
bank indicator 


Table 4 


Dimensions of Rotors 


Rotor 


i 
t 

4 
| 

; 

* 

x 

oa 

: 

i 

g 

z 


H D i D Du A Scan Societe 


D 
Model} = | | A D A | oh 


a eaten clei. 


1.038!- 6o 11,40; it | 7,361 7,64) 5,45) 35 | 1,77 ° 
2,355] 130 | 1,122, 3 | 20,65) 48,6 43,35) © 52,5) 23525 
—~ | 55f—]—-}|—|—-—] — | 6 | 3,67 
—~ {ss} —-| ~-| —~| —| — | #@ | 1,37 
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Section 3 3 
“TE TURN-AND~ RANK INDICATOR 


“When an patrerer. makes & turn, the magnetic compass is deflected under the in- 


Shee ee: 


"fluence of the qi component of the magnetic ! feld of the earth to. such an ex- 


~ y t Pa r even 
cae that in Some cas eg, VilG instream nt completel fails ta sho the Cu. mn or 
Li ’ ‘ a. the inst SUMS a q et 


seen i é See EER SS Sa Ro nite ata 
sees ETE He ES RE TR SEE 


ste ni asnGit rte 


way 


Ae RRR EE ORT AE 


serra Me SAAC ERT ERE 
Ag SEE gE ALINE IOS RTT TE IS OR ERTA TYR ERE ES 


le 


, 4s SOT Inae- 
ieee a turn in the opposite direction (turning ae: For this reason, the E 
netic. compass is not used in aircraft turns and is replaced by a turn indicator, 


free- 
which is a compound instrument consisting of a gyroscope with two degrees of 


a 


a and a pendulum bank indicator. The turn-and-bank indicator shows the rn 


f the aircraft about: the vertical axis as well ag its sideslip. 


whe turn indicator (Fig.120) is a glass tube curved along a circle with a radius 


VERTICNG 


Fig.120 - The mank of an Aircraft. 
a- Operation of the turn-and-bank indicator in a regular turn; 


b - Operation of ‘the turn-and-bank indicator in a turn and bank. 


: 
¥ 
x 
‘ 
iy 
i 
£ 
§ 
P 
‘ 
oe 
| i 
OE 
 # 
/ 
 g 
“-& 


Y- Actual (absolute) bank to the right; vy, ~ Apparent bank 


to the Left. 


bf R and fitted. with | squids the tube contains a heavy ball moving ae inside it. 


“the behavior of the bald 18 analogous to the behavior of a pendula of the henge R 


ANS od aa oh, 


a 
i 


i ration of gravity. 
“pnd 2 mass nm? a, wh where o is the a of the ball and g the accele 
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| When. the tube is ineiinee, the ball slides downward, and the Line connecting the 
ie “center: of gravity of the ball with ue concer of gravity of the circumference of the 
ube coincides with the direction of the yertical. In a regular turn this line ay 
apetats with the direction of the apparent vertical, i.e., ina jepciactusn the 
| “ball will occupy the central position in the tube (Fig.120 a). 
: During a turn, kive forces of gravity 6 # mg and the centrifugal force Fe mV 
~ are applied to the ball (Piz.120 b). The displacement of the ball from 2 the middle 


of the tube at an angle of sideslipy , is equal to S = an Y, ieee, the value of 


Fig.l21 - Diagram of Turn Indicator 
1 - Body: 2- Pin; 3 - Port for admission of air; 4 - Rotor; 
5 ~- Frame; 6 - Spring; 7 - Damper; 8 ~ Pointer; 9 - Bank indicator; 


10 - Adjusting screw. 


the dieciesensek is proportional to the angle of slip and to the radius of the tube. 
|The tube is filled with liguid to damp the oscillations of the ball that take place 
under the effect of accelerations. The damping of the ball is stronger the smaller — 


a 
t 
i 
§ 
“4 


| the clearance between it and the funk wall of the tube (which is taken as about 


| “0.5 mm), 8 ‘and ‘the higher the rhecosity ‘of the Liguid. Toluene is often used as a 


aan 
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aang Liquid. 


Figure 12] ies & schematic diagram ef the turn indicator in combination with 


AA eine 


ma the bank: indicator, The sensitive element of the instrument is a fo Te Cone with two 


ot degrees of freedom (rotation about the. xx “and 28 axes oa in Fig.1l2 a) 


she gyroscope is inclined about the longitudinal and lateral axes of the 


_/ adreraft, no precessional motions occur. The rotation of the aircraft with respect 


sua se Maaie SATE 


te the yy axis causes a gyroscopic moment to appear and the Pee of the gyroscope 
to rotate about the xx axis an accordance. with the equation H, = -— Hw cos ee The 
| Bement My M. is balanced by the moment developed by the steel sprin 1g (6) connecting 
> the gyroscope frame with the body of th e instrument. As a result of the action of 
"these two moments, the instrument pointer (8) is deflected. 
cheiasmant developed by the spring is equal to He, = cé, where c is the soment 
.. developed by the spring on a ba rotation of the Pine: i.e., the coefficient of 
_ rigidity of the spring; and © is the angle of rotation of the gyroscope frame about 
“the xx axis. The gyroscopic roment is | 


M,=—/&w sina=—Ho sin a, 


=‘ where J ig the principal moment of inertia of the gyroscope; 


2 is the angular velocity rotation of the rotor; 


w is the angular velocity of rotation of the aircraft; 


: 
a 
ae 
£ 
a 
& 

- 3 
& 
s 
f 
i 
e 
= 
e 
f 
BB 
5 
= 
: 
£ 
f 
& 
: 
E 
t 
g 
9 
& 
& 
e 
& 


a is the angle between the axis of rotation of the aircraft and x 
axis. 


“In the aad abraiun peeteone 


—WMesing~Hesing 3 


ci «a JQe cos (4— 3), 


“* cos(t— 3) = cosdcosy + sin tsiny. 





F dob coe dgee Whgettel 27 fceebemetecst teaty fda gates opted ce bbe oe 
suedisie tiated antigees pie Be ee bebe bane ty ote fare aatattes TF 
Sy ua ER MT oe nt sn rE vesohinhiti t r ” ‘ 
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\ 


“th eee ee the angle é of inclination of the frame does not exceed 1 we may 
- therefore write see - Oo a 
Con Gs — x) we cosy +3 sing. 
me Since, in this case, | 
7 | | costae |, a sintad, 


coe 
we may write 


; 64 ws Jo (cos 7 +5 sia 7) 


Len Feo 
a Jun; 


(V.15) 


The angle 6 of rotation of the gyroscope frame about the xx axis depends not 


tr only on the angular velocity » of rotation of the aircraft, but also on the kinetic 


RRC RNP IRE ERE ear cE Poet OR 


se: moment H of the gyroscope, the angle of bank y and the elastic propensse of the 
yo, spring c. Since some of these values, for example the angle Y, may vary during 
», . flight and these variations are not taken into account by the instrument, the turn 
;_. And4eator shows only the direction of the turn but not the angular velocity of the - 
“he. aircraft. 
in order to make the motion of the pointer smooth without sharp fluctuations, 


| the frame of the gyroscope G 5) is connected by a specist: tie rod with the damper (7), 


The wall of the cylinder has a capillary opening connecting the inner cavity of 


4 

i 

_ | 
628 

: 
h, 


the cylinder with the atmosphere and covered by the adjusting screw (10). On shies 


pone te neta aaa AeA et ET 5 


PORE TICE TI Cri, a cae 


wy BRIS rate as 


rotations of. the frame, ieee, on rapid ii soliatenent of the plunger of the damper, 
| the. air. camer: pass. through. the capillary, and a deceleration force, counteracting — 


the. oscillations of the gyroscope frane and, ponsewene also those of the. pointer 
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0 oe the Anetrument, is produced. The degres of iii is regulated by varying the | 
area, of the cross séation of the capillary opening by meana of the adjusting | 
“| gerew (10), whose position may be changed by turning its head, which 1s located on 
: the outside of the instrument body. This method 4s not the only way of producing a 
| damping force. | 
, The gyroscope rotor cmay be ac huated both by a pupae ved’ or an @lectric motor. 
"| Recently, inatrumente with an electric gyronotor have come into wide use, and com 
_pound electric instruments are being used more and aie Waa {na single case, 


combine a turn jletiecs gyro horizon, and a bank indicator. 


Figure 121 shows the diagram of the pneumatic turn indicator. The rotor rotates 


‘ . i co pl 
Seb RPS RMSE LOC MIE RAIA nace tH Re AAT EELE PSE OPN EIS veo eid beater 


vaontsnencanncacse soto oi tet SOTO EEL EIGER IL EI Et Senet Fs 


“dn two radial ball bearings which are lubricated through x special opening in the 
7 instrument body. ‘The distance between the centers in the ball bearings is regu- 
Aste by meang of special screws placed on the inatrument body. The frame, together 
, or, is carefully balanced. 
The pointer (8) is attached to one axis with a yoke, provided with a counter 


 welght for balancing the entire unit. 
Since the instrument does not measure the rate of turn cf. [eq.(v.15)], 
“scale has only three divisions: the center one seerenmenaine bens gero rate of 
turn, and two extreme di vist ons faitayut figures). 
: On the face side of the instrument the bank indicator, consiating of a pendu- 
“lum, 4s mounted. | | | 
: ‘The position of the pointer of the turn indicator and the ball of the bank in- 

3 dicator, during various evolutions of the. aircraft, are given in Fig.122. - | 
: In rectilinear flight ana during & regular turn, the ball of the bank indleator | 
occupies the central position. The pilot decides from the peaielen of the bank~ 
| inddeator ball whether the aircraft is sideslipping din eight. From the position 


| oe of the pointer of me turn indicator, he judges the turns. The poruees eee 


segue ioenee nc treet me ge OTE 


aot the central position dn rectilinear flight, is deflected to the right on a right 
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4 
i 
5 
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turn and to the left on a od turn. 


Principal Characteristics, of the Pneumatic Turn Indicator 


Diameter of case 
Length of case | 
Moment of inertia of rotor 
Rigidity of spring - 
Rate of rotation of rotor 
(at norms] vacuum equal to 50 un Hg) 
angle of stagnation. oe 
Deflection of pointer at turning 
rate of 6° per sec (360° per min) 
fadius of curvature of bank indicator 
tube 
Diameter of ball 


Weight of instrument 


80 mam 
ji5 mm 


0.5 gm cin BC” 


160 grem/rad = 2.8 gu-om/deg 


97000 - 8000 rpm 


ei 


1L0 mm 
11 om 


&50 ga 


Since the instrument has only ene numbered division (at zero), the error of the 


- dnstrument, and in particular, the Scar g ete 


The scale error must not exceed ¢ iy 


ig tested at the sero division. 


\ 


‘The pointer oscillations at vibrations of the instrument at a frequency of 


“40 cycles and an amplitude of 0.15 om ; mst not exceed #1". 


Figere 123 gives the diagram of the electric turn indicator. 


| gyroscope is rotated by means of a DC electric 


The rotor of 


motor with parallel excitation. The 


_ rotor “speed is g000 - 10,000 rpm The gyroscopic moment 4s balanced by a spiral 


“| spring, and oscillation of the pointer is prevented by an air damper of the plunger 


type. a8 in the pnewnatic turn indicator) 
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Gideslip- | without — Gideslip 


On left wing | | aldaalip on right wine 
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Fig.l22 - Pointer Headings of Turn Indicator al Various Poritdones of Aircraft 
Reetilinear flipht 
Left turn 


Mieht Earn 


c 
. 4 
t 
i 
p 
b 
i 


eae 


Fig.J23 ~ Diagram of Hleetric Tum Indicate, 


wt 


1+ Body; 2 ~ Gyroeeepe unity 3 4 Damper; 4 - Pointer; 5 - Beale 
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Section 
GYRO-RECORDERS - 
iyroscopes with two degrees of freedom are used not only in turn indicators but 


"also in gyro-recorders, i.e., in instruments for recording angular velocities. 


oreerrer cs SK ‘i ss 
= a OD SS Soot aS - 
EE Ee EERE Ee EE ER Tee TESA 


Figure Let, gives a schematic diagram of the gyrescopic part of the instrument. 
‘The instruzent. records the value and direction of the angular velocity of the 
| aircraft with respect to its three axes. 
Each of the eyreacones ere the 
value and Apretiten of one of the compo- 


nents of this velocity. The gyroscopes 


# 
& 
; 
4 
we 
x 


are therefore arranged, respectively, along 
the three aircraft axes. 

AS a result of the action of an ex- 
Lernal moment, proportional to one of the 
components of the angular velocity of the 
aircraft, the frame of the corresponding 
syroscope is rotated (tust as in the turn 
indicator). 


_Fig.12h - Diagram of Gyro-Recorder 


For recording varicus angular veloc- 
of Angular Velocities _ 


ities, the set of the syre-recorder in-. 


Ady 
a 


.., Cludes interchangeable frames, springs, and dampers. 


ee oS 


> 


‘The gyroscope rotors consist of DC motors (AC gyromotors may also be used). To 


i 
f 
£ 
( 
§ 
& 
| 


_| ensure constancy of the angular velocity of the flywheel rotor, a centrifugal gov~ 


FOS emetas % 


~ernor is used. The record is made in most. cases on a paper chart by perforations 


ck 
PPh 


in , 7 | | — | 
or with special inks. The paper is moved by an electric motor. The time marker is — 
most often provided in the form of an electromagnet which receives an impulse from 


} 


_~jan electric clocks 
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Section 5 
GYRO HORIZONS 
nciple of Operation of the G ro Horizons 
“the gyro horizon is designed for determining the position of the aircraft with 
a respect to the ae of the horison. The instrument permits holding the aircraft in 
eS horizontal flight even when the natural horizon ig invisible, or indicates the de- 
os gree of bank and pitch on turns and changes of altitude. | 
| The artificial horizon is a gyroscopic snstrument with a pneumatic or electric 
“a drive for the rotor. Depending on the drive used in the rotor, 4 gyre’ horizon is 
. called pneuratic or electric. The principal part of the instrument is a gyroscope 
-o wdith three degrees of freedom, which, as already stated, 23 indifferent to the po- 
= gitdon in which it is installed and may be used for determining an assigned direc- 
- ton. As is commonly known, 4 prerequisite for using an astatic gyroscope as a dé 
hee for maintaining 4 given position constant, is to give it selectivity. 
| One of the most widely used methods of giving 4 gyroscopic instrument the neces- 
sary selectivity ts the introduction of a radial correction®. 
The action of the radial sappector is based on the following principle: 
1. When the axis of a gyroscope deviates from the desired direction, a correéc- 
tion moment is applied to the gyroscope in such a way as to cause it to move in the. 
same | piane as. the deviation in question, put in the opposite | direction. In other. 
words, the deviation of the gyroscopic unit is eliminated, and the syrcacore is re 


~ turned to its initial position along the shortest radial direction. This is accor 


aay 


| | 
- 
- 
| 

: 


~~ plished by rotating the plane of action by the correcting moment through 90° with 


co 


“| respect to the. plane ‘in which the deviation of the gyroscope occurs. 


* The tern tradial correction” was introduced by BeVe Bulgakov, who performed the 
sf Doe eet _ 
vA _i fundamental investigations on aroscopte devices equipped. with. sich correction de- 


Note ‘ 
vy (of ; wg, 3 
16 | WRCOS 8 
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2. The | fact of the deviation and ite value is established by comparison with a 


‘certain, element possessing selectivity. with respect to the position selected. This 
~ element is termed the sensitive element of the correction system. For example, when. 


selectivity is imparted 


a rt 
wba 


; vo give selectivity in a horizontal plane, agnets are often employed, etc. 


In addition te the radial corrector, other systems of correction are also use 


cin which the return of the gyroscope to the selected position may also take place 


over a distance that is not necessari Aly the shortest one. 
The question is very often asked as to how the necessity of using PYTOSCOPE 
. ¥ a £¥T P 


is to be explained. Would it not be better to use only a sensitive element? 


The point is that a gyroscope with a radial or other forn of correction is a 


system that possesses not only selectivity but also stability in the selected d 


-tion (the precessional motion of the gyrosccpe takes pla very low speed, 


while a sensitive element, for example, a pendulum, reacts very rapidly to the ac- 
-tion of disturbing forces). 


The gyroscope used in the gyro horizon is given selectivity with respect to the 


“wertical by use of some system cf correction, making this gyroscope a gyro vertical. 
se Figure 125 gives a schematic diagram of the pneumatic gyro horizon. In any po- 
~- sitions of the aircraft, the principal axis of the instrument I - I (the axis of 
natural rotation) maintains its vertical direction, so that the angle between the 
~ plane of rotation of a rotor and the longitudinal axis of the aircraft, xx, is 
equal, to the absolute pitch 9, while the angle between this plane and the lateral — 


~ axis of. the aircraft, zz, is equal to the absolute bank y (Pig.126). 


An air correction with pendulum slide valves is used in the pneumatic gyro hori- 


a 
£ asdeceaav neck aes 


és GON. The instrument can operate either on vacuum or on pressure, 


EBT RENE AOS en ICTR IN AEF Sigh ae 
Pe ay age lemon ae SE ta ee rea 
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ye 
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the air driving the gyroscope roter passes through the bearings and channels ine 
“ithe outer frame (8). (cf. Fig.125), through | the ‘bearings and duets in the inner - 


Nah na ata wera ML rene de 


“frame (2), which consiats of a closed shell, and in two jets, issuing from the 


a 
Les Xetpetige oe Shes a. 
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“posaiiea, sounted to the-shell, strikes the gréoves of the rotor (1), setting #¥ in | 
cs ‘ rotation. | | oe : : 
- The inner frame (2) in the lower part ends in the hollow cylinder with four win 
| : dows (openings) (5) for the discharge of pir, which are covered by the penal 
; 4 shutters (4). When the shell is in the verti cal position, corresponding to the 


tase vertical position of the rotor axis, each shutter covers half of the epenene of the 


tiie AEA ROLE MATE LE ETERNAL LET 


Fige125 ~- Diagram of Pneumatic Gyro Horizon 
1 - Rotor; 2 - Inner frame (shell); 3 - Correction chamber; 4 - Pendulum 


slide gate; Sa Opening of correction chamber; 6 - Silhouette of aircraft; 


of 
ft 
| 


7 ~ Gear transmission; g . - Outer frane 


-_ window, and the air is ejected in four ecual jets eisoush these openings. The re- . 


| active pressures of the jets, in this case, are mutually balanced, no external mo- 
= a 


aint 


ments are ‘applied to the gyroscope, and its axis maintains its initial position 
“| (PAg-227,0)-_ | | 


meer ok: 


{Das 


c 


icsceee 


~ 
a 
ayth 

= 


po the slide: valves: are-arranged in pairs | on the spindles, one of- ‘which- is perediel 
lL to. the-xx-axis,. the. ‘other to the 2z axis. 
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“if, under the influence of any external moments, the gyroscope ne to preceed 
- 
~~ cand deviate from the ¥ vertical in any direction, for example, with resp ect to the 
ca am axis while the slide valves remain in the vertical position, then the pains 
L ueeg, ¥ 


openings ‘of the correction at chamber (3) will now no ‘Longer be ‘closed ‘to the | same | 


| Fig.l26 . Measurement of Angle of Rank and Angle of Pitch by Means of the 


Gyro Horizon 


: | extent, j.e., one window will be open wider, while the opposite window will be 
*: 


- closed more, The equilibrium of ‘the reactive forces perpendicular to the rotor ads 


- - will now be disturbed. 
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MBermnmntiucrenepr nets con re, 


ge127 - Pendulun pnewatic Correction for Gyro horizon 


a. ~ Axis of rotor is seetioals b- axis of rotor deviates from the vertical 


a auntie net 35 Met 
Fai ene open afew NW RT ata NENTS om 


The resultant reactive force ‘will provide a ‘correction ‘moment which ‘will act | 


seers 
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es fo. ths Aeeeteian of the gyroscope deviation. eo : 
; _Precesaion will now take place and retum the axis of the gyroscope to the. vers 
_ theal position (Pig.127 >). | 2 
The sensitive Viebett of the correction isa pendulum installed | on the aircraft, 
which, under the action of accelerations, produces oscillations, causing the pre- 
“cession of the gyroscope. However, since the rate of preceseson is very small, the 
ae Peer of the gyroscope will hardly deviate from the were. All gyro verticals 
estas. on this principle, including gyro horizons. The most widely used designs 


for gyro horizons are the diving gyro horizon AGP and the electric gyro horizon of 
the AGK-47B type. 
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"The AG? Diving Gyro Horsson 
| The sensitive element of a gyro vertical is an astatic gyroscope whose rotor is 
> @etuated by their jets (cf.Fig.125). The axis of rotation of the rotor, whichis — 
made integral with the rotor, rests on two ball bearings installed in the shell (2) 
nt tet the rotor. The shell, together with the rotor, 4g able to rotate with respect to 
+. the outer frame (8) which, together with the shell, is able to eseake freely in the 
o... body of the instrument at any angle. The shaft of the rotor is vertical. The axes 
+ of the outer and inner oa lie in the horizontal plane. In the AGP, the axis of 
ae acs of the outer frame coincides with the lateral axis of the aircraft (in some 
- designs: of the gyro vertical, the axis of the inner frame coincides instead with the 
- ~ longttudinal axis of the aircraft). 
The diving gyro ‘porizon can operate on vacuum or on pressure. 
From the upper part of the shell, the ‘air enters the correction chamber through 
ecial orifices and from there enters the body of the instrument Shrous the ori- 
fices (5), which are covered by pendulum stutters. 


The body ane franes are cast of eilumin. 


~The tor’ 43-8" solid. ‘erase ene with a scuane: ‘of: ee of the order of about’ ~ 
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ibe 3 g@en-sec™, and the rotor speed is Us 0 000 - 15,000 rpm. 


The rotor. rests on radial ball bearings which are lubricated by special inserts — 


saturated with oil. The same bearings are installed in the frames. The clearance 


Cay the rotor spindle is selected by means of calibrated inserts, placed ‘under the 
“upper spring bearing. | | | 
| A. spring bearing is used to avoid possible compression of the aluminum frame by 
the steel axis of ‘the rotor when the outside temperature rises, since the coeffi- 
cient of | temperature expansion of the frame is considers). greater than that of the 


se rotor spindle. The lower bearings forms a Peers 


The clearance in the suspension bearings are maintained by tightening the cen- 


“terns, To reduce the escape of air through the bearings, special air gaskets < are in- 


stalled in the form of condensing rings of German silver. The front face of the in- 


Instrament heriz0n line 
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Fig. 128 - | Reading the. angle of Bank from the Position of the Aircraft Silhouette - 
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Left: Horizon; Right: Instrumental horizontal line 


i fotromen cas case carries a sersen with a luminous line representing the line -of the . 


f. 


66. Jnordzone Through a vertical slit in the screen passes the spindle of. a movable in- 


69 dex (the aircraft. silhouette) placed between the screen and the glass of the instru- 


nant, and. serving. as sndtcator of the position of the fiorlgon... 
t 
im 


% 


BA 


461. When.the aircraft banks at the angle y, the index pin of the horizon line like-- 
Al - pot =: a ; 
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= Hits at the angle Y ‘ir the -aireraft silhouette is ached directly to the spin 


dle. of the gyroscope unit, then, when the aircraft banks at the angle y, the air- 


eo silhouette, together with the gyro unit, will remain fixed An ‘space and indi-~ 


_— eate the bank at an angle y on the opposite side with respect to the horizon. 


To ensure correct reading of the bank or the aircraft, the silhouette of the 


" aireratt is connected with the inner frame over 8 a pair of gear wheels with a trans- 


cceaanes ec psa GRe SH TER BOERS TEOSY 


ie 


- pission ratio of 1:1 (in some instruments, a different design of transmission neers 


12 


spe A ELI OI EE 


anism is used). When the ‘aircraft banks at an angle y, the aircraft silhouette on 


Us the scale of the gyro norizon rotates through an angle.y in the same direction 


 (Pig.128), while its position with respect. to the index of the horizon line will 


a correspond to the true angle ‘of bank of the aircraft. 


The right side of the instrument carries a meats attached to the outer frame 


deh ds in the form of a ring with graduations within the limits of +90°; on this 


| _ geale the angle of pi itch is read off. Since, at high angles of pitch, the aircraft 


 gilhouette goes outside the face of the instrument, the scale is painted in two 


- colors: blue for climb and prone for dive. 


The diving gyro sorigon allows the execution of aerobatics. To prevent the 


_ spindles of the frame and rotor from coinciding at banks over 75 - ao’, stops are 


placed above and below on the rotor shell. 


- he Errors of the Gyro aseieen 


1) Errors due to Areraft Accelerstions. The accelerations produced . recti- 
| Linear flight, 2 as well as those during turns, cause 3 deviation of the shutter 
| of the correction and a precession of the gyroscope axis, which deflects the 
| rotor axis from the vertical. ‘Because of the low rate of precession, aeation the: 
| average to 6° fain, the gyroscope is unable to deviate significantly from the verti- 
et eal if the action of the force of inertia deflecting the shutter is brief. In 


cases -where- the action of. the inertia. foree is prolonged, the doflections ofthe. 
|| gyroscope axis may reach considerable values. 





212 
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~The magnitude of the deviation of the. gyro rotor ads ‘depends not: ay on ne: 
- time. of flight under acceleration but alse on the pature of the apeeleretion: For | 
- ample, at constant Tone ueInet acceleration, when one of the windows of the cor- 
"rection ‘chamber is completely open, and wen the increment of the flying speed is : 
cas = 360 in/hr, the error in the position of the retor axis may reach about 8°, If, 
“however, the value of the acceleration at Which the shutters are. e completely opened 
is variable, then this error may be greater than 10°. 
| af the flying speed is increasing, the direction of the acceleration will coin 
Natit with the direction of the velocity; in this case, the shutters will deviate in 
oS opposite direction (backward). ‘The retor will deviate forward, away from the 
~pilot, in such a way that the instrument indicates evetiaw ar che Riscuate although 
| at ia actually flying horizontally. Gn reduction of the flying speed the gyro hori- 
“Bon will show a descent. 
: Considerable errors in the reading of the instruments also arise in the case of 
=a turn. After prolonged horizontal acceleration during a turn, the lateral pair of 


- pendulum slides assume a position on the aupahent vertical. As a result, the pre- 


. easton of the gyroscope takes place in the direction of the apparent vertical. 


Since the lateral plane of the aircraft is rotated about the vertical during a 


4 
4. 
-o§ 
i 
| 
: 
a 
i 


em at a velocity equal to the angular velocity of the turn, the direction of pre- 
cession of the gyroscope in space will also vary continuously, causing the position 
ce the gyroscope, with respect to the vertical, to vary also. AS an ultimate re~ 


igalt, the axis of the rotor will deviate from the vertical fereard in flight, ena 


hi ‘Camas 


To reduce this error, the ‘gyro unit of the 
"| gyro horizon is arranged in such a may that, at a vertical position of the slides : 
“and zero position of the pointer, the upper end of the rotor axis wild be deflected 
from the vertical forward in the direction of flight by 2 - come 


ewe eater hain teats ao eRe ANSOU IIE MIG! myn meme 


_During « a \ turn, ¢ this Jones tudinal inclination of the rotor axis changes * to 3 4 lat 
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fo 


[eral inclination, and at some definite value of the aie velocity of iene: at 


. hy completely ¢ compensate the precession ‘of the gyroscope, while for. all. other val~ 
a 
_ =| wes of the angular velocity, ‘the compensation will be only partial. The angular ve~ 


-  deekty, of turning We of the aircraft, at tinich the ‘turning error is ‘completely com - 


ca pensated, is determined ‘by the relation 


Me | | — 2 
| a fe — (V.16) | 


- where ®_ is the angular eee of foralag: 
, the angular velocity of precession; 
B, the angle of inclination of the rotor axis. 
2) The errors caused by the flying speed of the aircraft, which appear during 
" rectdlinear flight as a result of the curvature of the earth's surface {while the 
> aireratt rotates about its lateral axis zz), as well as the errors resulting from 
- the diurnal rotation of the earth, have a negligible value, not exceeding 2 - 4", 
and are usually disregarded. 
3) The in instrument errors of the gyro horizon due to friction in the suspension 
friction in the shutter pins, vibrations, and unbalance, are reduced to a 


Fase 


> edi by selecting a suitable design and i efficient work in the manufacture and 
‘assembly of the instruments. | 
‘For example, to reduce the moments. of friction in the bearings of the frames 
acting. in. a direction: opposite to that of the relative rotation, bearings of the 
Abrating, rocking, rotating, or elastic type may be used. 
= To reduce the influence of vibration on the gyroscope. it is necessary that for 3 
jeweh frame, the shaft of one bearing and the bearing of another act as supports; 3 
this causes the moments of friction in the bearings anda vinrebion to have oppo- 
in site directions 80 that not the sum but the difference, of the moments of friction 


ce {a in the bearings: il act on the aroscope 
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“The » altitude-dependence of. the rotor. speed ds one. shortcoming of. anaes Syro. 
: ‘horigons + that is , the dependence of rotor speed on the variation in atmospheric 


~ pressures Mlectric instruments fed from the aircraft electrical system do ‘not. have | 
- this drawback. 


The AGK-A75 gyro horizon consists of a eonbinaelen of three icatainents mounted | 


Hi a single case: 


1) & gyro “horizon. in the form of a gyroscope with three degrees of freedom, 
- dieating the position of the aircraft. with respect to the plane of the horizon; 


2) a turn indicator in the form of a gyroscope with two degrees of freedom, 
~ dieating the rotation of the aircraft about its vertical axis; 


3) a bank indicator, consisting of a pendulum indicating the sideslip of the 
| ~ atreraft in recitlinear flight and during ‘turns. 


Figure 129 shows the readings of the gyro horizon during various evolutions of 
- the aircraft. 


Figure 130 gives the kinematic cen of the gyro horizon. 
The gyro unit consists of a rotor installed in gimbals. 


The axis of roretson of the rotor is inclined forward in the direction of ‘flight 


“od mei 


> ~ by an angle of 2. ‘This reduces the errors of the gyro vertical during a turn. 


A 


‘ 
tele ea, 


ee The axis of rotation of the outer frame of the gimbals is parallel to the lat- 
a 


os ‘eral axis of the aircraft » while the axis of the inner frame is parallel to the 


2a 


; ~ongitudinal axis of the. aircraft. 


ae 
fr At. 


roma + 


res Pitch and bank scales are attached to the face side of the outer frame; the air | 
PES enh 


v 


ae erste silhouette attached to the ginbels ¢ serves as the horizon indicator; the index 
yvjof the horizon line is attached to the ingtrunent case. ee - : 


0-1 : 


noenen 


ca “Figure 131 shows the design of the AGK-U7B gyro horizons The unit (1), and the 


t 


body of the gyronotor- (2), form the ginbals. ‘The gyronotor isi a . three-phase electric 


Some teense! etnies OA apr 


,—jnotor with i a speed of 20, 000 rpm. The stator is attached to the top: of the instron 
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oe _ a 


pases 


ments” “the “aator block is aad of dynamo | dren, carrying, in twelve alot the three+ 
- hase, two-pole. winding in star connection, The rotor block, which | is likewise made 


lof dynamo iron, has a short-circuit aquirrel-cage winding, cast of aluminum alloy. 


eee ts Prosme fons rade 


te roter ‘turns in radial bearings with brass separators. the bearings are labr 
oo cated by a felt wick soaked with: MVP oil. | | 

. ; ‘Radial bearings are also used in the ginbals. The eyreMetor and correction de- | 
vice are supplied with current across the ‘gimbals, using contact rings and brushes. 
:The block of the contact rings consists. of three polished silver rings with insu- | 
- lated Eagle? used instead of a wrist-pin bearing. The contact brushes consist of 
| ‘flat rings, to the ends of which platinum 
dridiun alloy wires are soldered, which 
make contact with the silver eeeines. 
_A brush pressure of 1 - 1.5 gm ensures re- 


liable contact. 


The position of the rotor axis of the 
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“gyro horizon is determined and maintained 
by the aid of a correcting device consist~ 


ing of a liquid switch and two solenoids 

Fig.130 ~ Kinematic Diagram : 

| | . | | ‘placed in the gyromotor body (Fig.132). 
of the Gyro: Horizon | 
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Each solenoid has two windings lo- 
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1 - Axis of outer frame of gimbals; 
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“cated to the right and left of its. geomet 
2-~- Axis of immer frame of gimbals; | 


a 
i i 


I 
iB 3 : 
: 3 3 z 4 
1 emnunanich anaes Atria: Me Yate sb. conver tices saaenn th ctity 3 Rape Ve anes ode INIT en 


| . 8 | ile. center. An armature (core) is placed, 
3 z Axis of Rover he Pointer of - 
| inside the winding and can be displaced. 


the 
as 
yor 


t 
; 


nether 


i 
ae 


we 3 
en 


gre horizon; 5 - cear ‘catemleniont: 


along: the axis of the solenoid. The (cor 
o* Case. 


i 
? 
t 
t 
@ 
} 
{ 
{ 
i 


‘Teeting monént is produced by the. went 


at a 
“tre 
rit] 


deposed 


ae Toe ce ini laginet ee cae HO RE PATA ERS TUNE aed ANI 
> ‘ 


Net ore Sen ae re cA Rice mice ie ete nae ne mM aa Cmce A eb 





7 "mera acta 69 9D aT AAI BF SCHOLASTIC EPIRA A PORE MIET NERA Va Uh a, it RPMS a Dre on TER AORTA PAT coral ials ep age 9 am 














Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7 


| Declassified in Part - Sanitized Copy Approved for Release 2012/10/23 : CIA-RDP81-01043R001200220003-7 


i - a 
\ 


~ 


re ae PTET Sate at ea RO priate eres Ne Tea eM GiNe ok NYA e ab otek Reawalh i aeeininben te sae 


| “the ‘correction switch (Fige133) consists of a copper “vessel filled en an elec- 


‘trieally. conducting Liquid. Into the upper pant of the vessel, which is. made of an : 
“Hinsulating material, four red copper contacts are stamped. The assembled and ad- 
“justed awitch is a self-contained unit whieh needs no further adjustment ‘during oper- 

cee repair of the instrument. It is. ‘categorically forbidden to test the switch 

'T ydth atrect current, since this will put the eyetch Gus OF /ORGers 

ak The static balancing of the gyro unit ia performed by centering the cores in 

“the solenoids in such a manner that Becatieds no moments with respect to the axes of 
- “the gyroscope gimbals. Each of the solenoids has two windings. The windings of the 
© golenoids and the switch are connected with the switch of the correcting device ac- 
" feording to Fig.134- 

oe The correcting device operates in the following way: 

Any deviation of the rotor axis from its original vertical position, relative 
to the lateral axis of the aircraft, results in an inclination of the switch with 

ce to the horizontal plane, causing a change in the wetted area of the contact 

” gurfaces along the longitudinal axis of the instrument. The forward contact (with 

7 ~ respect to direction of flight) is immersed deeper into the liquid than the rear 

_ = sontact. “These contacts are connected in She circuit of the windings of the sole- 


nod, placed parallel to the lateral axis of the instrument. When the equality of 
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“the resistances of the circuits of the solenoid windings is disturbed, a redistri- 
no 


--{uution of the currents flowing in the solenoid windings occurs, and the armature is. 
oe 

_{ttsnsees toward the winding through which the greater current. flows. In its new 
pa 


-..position, the solenoid armature produces a moment acting on the gyroscope and caus- - 
IG odd 


Hing its rotor axis to return to its original position. 
£i 


it yened. 


: rotation of the ‘rotor axis about the longitudinal axis of the instrument 
J causes a change in the ques coverage of ‘the conductors of the switch contacts a- — 
mj long the lateral axis. 
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Fig.133 - Schematic Diagram for Generation of Correcting Homent 
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~anian (9) fia used for ola elimination of 


errors in the readings ce deviation 
% from the: vertical, and poste for proventing damage in shipment (cf. Fige131).. This. 
a | ! aS device consists of three cams, push rods, 
“paws, | a stop, working and return springs, 
and a signal blinker. 
When the caging knob is moved, the 
force developed by the working spring, is 


transmitted through the push rod and cam 


Fig.134 - Wiring Diagram of the Correcting Device 


a - Central position; b - Rotation of the gyre-horizon axis about the lateral 


axis of the aircraft; ¢ - Rotation of the gyre-horizon axis about the vertical 


axis Regan 


A ~ Boundary of the liquid meniscus 
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1 - . Solenoid of longitudinal correction; a= Solenoid of lateral correction; 


at 
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3- . Switch; is ~ Switch contact; 5 - Insulating bushing: 6 - Longitudinal axis 
3 | of instrument 7 - Lateral axis of i ngtiiment 


ue 
at a 
bell 


yee nap Neer, 


“peated on the spring ae of the ginbals, to the “gyroscope unit. 
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~The profile ofthe cam is eut in a Jogarithnte spiral, thus: causing the force 
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| pe Mgnt eg me Te 
~ acting on the cam to create a noment, about: the outer axis of the gimbals. Under the | 


- action of Abia moment, the gyro unit begins to. precese until the axis of rotation: of 
“the gyroscope coincides with the outer axis of the gimbals. In this position, the 
* gyroscope loses: one degree of freedom, its gyroscopic moment ‘disappears, ‘and the 
frame, under the pressure ‘of the plunger, rotates freely about the outer an of the. 
- gimbals until the plunger engages the cam n slot. As scon as the plunger aitets the 
| | cam slot and fixes the gyro unit with re-. 
spect to the outer axis of the instrument, 
the arrest of the gyro unit relative to 
the inner axis of the gimbals begins. 

The turn indicator, which is destoned 
ae a separate and complete unit, is at- 
tached to the rear flange of the instru- 
ment case. The axis of rotation of the 
rotor is parallel to the longitudinal axis 
of the aircraft (Fig.135). 

The gyroscopic moment of the gyro- 


scope, which arises when the aircraft 


pee ~- The AGK-47B Turn Indicator 


turns, is balanced by the spring (2). To 
1 - - Gyrorotor; 2- Spring balancing | : oo 
7 extinguish the oscillations of the system. 
the gyroscopic ements 3 - Damper; x — | | = 

the air damper (3) is installed. “The de- 


gree of gr a: is regulated by a screw 
which covers the orifice by which the in- 


. bh ~ Pointer; 5 - Frame; 6 - Leads; 
7 — Bearings; & - Adjusting lever; 


9 = Damper lever 
2? es ‘ner ay of the damper communicates with: 


a pews raethan te MOpEe hog o mpantmns 
cots ret nee Cae gE AM EIR Ew AAMT 


onthe atmosphere (as in the ordinary turn indicator). 

3 te . sre 4 
ore ae The instrument 9 fed. by a PAG-IF type converter. One converter can feed. two 
Peron oe ; 
_vAnstruments (for instance, two gyro horizons « or one ) gyro horison. a 8. DaK-2 renote- 


gc pending compass)- ae 
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The gyro horison causes. considerable distortion iin the character: of i the ehanutte 
“fleld. in the space aurrounding it; therefore magnetic. coupasses mst not be installed 


“closer than 200 mn to the AGK-17B gyro horizon. ; 
a “Total reading ‘error of the AGK-L7B or orton: 
in rectilinear flight. not more than 1° 
after coming out of a turn with a ao? bank 
at a flying speed of 400 lor/hr | ‘pot more than 2° 
The principal characteristics do not depend on the flying height. 
Electric gyro horizons have come into dines use. There is a great variety in 
the designs of these instruments. 


In principle their eration does not differ fron that of the AGi-L7B. Only 


of the gyro unit and the method of correction differ. 
The primary advantage of the air radial correction is its simplicity. This ex- 
plains the attempts to intreduce it in electric gyro instruments. 
| A substantial shortcoming of the air radial correction is the fact that its ef- 
ficiency depends on the flying height. When the rotor is fed by air this drawback 


ae not too noticeable, since the rotor speed is reduced simultaneously with a reduc— 


ton in effectiveness of the correction. When the instrument is electrically pow- 


ered the speed of the rotor does not depend on the flying height and the lowering oF 


: _the effectiveness of the correction makes it too sluggish at high elevations. 


Consequently, the transition to electric rotors whose speed can be considerably 


“higher than that of pneumatic rotors and is practically independent of the IE, 
eet 
a FP Rm 


a requires the developnent of electrical methods of correction. 


Induction correction: may serve as an exaxple of electric i eetibn. 


a pau eer ak GARRY 


- panagesd Gung att et Ara tae 
¥ RON AyPet OURAN GI = et 5 
were sepa eee OL bow ee ee ees : . wg 
be eet a : 


~~ Figure 136 a gives the induction diagram of the electric correction of. one of 


Ze frames of a gyro vertical. The signal pickup consists of the contact roller QL), 
oh 


Hepes ie 


3 _~ponnected with the frane being corrected (2) and the Sontact plate (3)s connected 


| e ith the ‘sensitive: ‘elenent of the correction and. divided into two > parts by an fa 
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- lating wap. | "When the pickup is in the coinciding position, the contact roller is in. 
the center of the insulating wip» When it is in disagreement , the roller is aie 
paced from the center. ei 

“A system ‘of two “Gnduetion ‘eet ys and G) is used as > pickup “for the: ‘correc~ : 

~ gdon moment | Slots in ‘these coils engage the conductor disk (6), connected with the 
= | axis ‘of rotation of the corresponding | 
¢ = frame. One of the coils constantly carries 
, the ‘yoltage of one of the phases of a 


three-phase alternating-current line 


- 


Fig.136 - Diagram of Electric Inductive Fige137 - Diagram of Electric Correc- 
| Correction 7 | tion with Mercury Switches 
a ~ Schematic diagram; > - Circuit | I and JI - Axes of gimbals; 
' diagram; iy II - Axes of gimbals; — a 1 = Aupoule; 2 - Mercury: 3 and - 
ae Contact roller; z- Frame to be Winding of induction motor; 5 = Short- 
corrected; 3 - Contact plate; hy, 5- seeiites rotor of induction motor. 


Induction coils: oe Conductor disk 


aj(efe Pig.236 b). The stassoad coil is comectod across the. signal pickup to one of 
he other. two phases of the line, depending on which half of the contact plate makes 


“—feomtast with the. contact roller. In this way, as soon as the contact roller touches 


 scnacieha Sones perenne 


a o ~ the  dnoulatng oP dees en the © signal pickup is in the ‘coinciding state, current 
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a. flow nee iG ene of the coils, and there will be no ‘moment on the ‘conduc— 
_ tor Alok. When the. roller passes to one. side of the plate, current will flow ‘through 
_ both of the colle. ‘There is a 120° phase shift between the alternating magnetic 
ba a af anc fluxes ‘produced by the coils. ‘On the con- 
; | ductor disk, as @ result of the interaction 
of the eddy currents nd the magnetic 
fluxes, which are phase-shifted with re- 
spect to each other, a moment is produced, 
“constant in magnitude and having 4 sign 
depending on the side of the plate on 
which the roller is Jecated. The same 
type of correction can be obtained by mer- 
ry switches (Fige137). The signal pick- 
UP, ri this case, is an ampoule with 4 
droplet of mercury having three contacts 
and sO Jocated that the plane of its rock- 
ing coincides with the plane of rocking of 
the frame to be corrected. When the posi- 
tion of the gyroscope axis and the pendu-— 
: | = 8 : lum commer’) the mercury droplet is in 
. Pig.138 - - Characteristics of Correc- 
the center, while when they are in dis- 
| _ tion ‘Device 
ie agreement it is in one of the siveia pos: 
Ig - Jeoveectiiie somsnts § - - Angle of | : 
. discrepancy dn signal pickup; ® - Sec-. 


tor of proportional part; Ix, - Moment: 
ating one of the extreme contacts. - The 


“gitions. In the latter case, the mercury - 


‘droplet. connects two contacts, thus actu- 


of ‘correction of. constant part of 
moment pickup ds an induction motor with 
"characteristic; o - steepness of |. 


ae a short- circuited rotor mounted to the. 
characteristics 84 = “Zone of ineensi— 


axis. of rotation of the e corresponding 
arty 
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; Gees, cingonally, sppanital:? frame to be. corrected. One of the phases of the motor 418 
—alvays supplied by voltage from one of the phases of the three-phase feed Lines. | 
‘hen: ‘two contacts are closed by the mercury, the second phase of the motor is. 
~ turned on, causing a votary field there. “the direction of this field depends on 
| which of ty extrené eontacta is closed by the mercury switch. In this way, 4 moment 
- _ of either atgn and of. constant magnitude, : is developed on the rotor. 
Gyroverticals include widely varying devices for performing the correction; 
‘these | may be divided into three groups, according to their spasawbewistaen.: 
1. Proportional correction (Pig.138 a). | 
2. Constant ‘correction (Fig.138 b). 


3. Mixed correction (Fig-138 ¢)- 


Section 6 
COURSE GYROSCOPES 
The disadvantages of magnetic compasses and the impossibility of installing 
gyroscopic compasses on an aircraft, owing to their large size, has led to the cre- 
ation of so-called directional gyro turn indicators (pGT), gyromagnetic compass~ 


“es (QK) and, finally, to the creation of remote-reading gyromagnetic and induction 


- compasses. 


| THE pIRBCTIONAL GERO TUEN TRDICATOR 
as with gyre horton ns, there are both pneumatic and él lectric directional gyro 
turn indicators in ‘existence. The pneunatic type consists of an astatic, gyroscope 
a“ three degrees. of freedom, mounted in. gnbals. 0 maintain its perpendicular 
position, the special ‘flanges (2) are provided between the principal. axis of the 
~ arroscone and the axis of the outer frame of the rotor (1) of the instrument. The. 
air jet. from the rotor 7 striking agairist these flanges, produces 3 eoevetind mo- 


. ont F1g.139). oe 


since the astatic free exroscone — no ‘directional force, the axis of the gyro- 
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Ss 


“scope, “dn | flight, begine to “Geviate more and more from the initial direction, mainly 
under the influence of frict ion in the suspension bearings. | The instrument readings: 


“on ne correct: for 10-15 minutes. A correction of the. inetrument is then necessary, 


: 
} 
i 
5 
y 
y 
£ 
g 
£ 
§ 
q 
} 
i 
s 


Figel39 - Rotor of a Pneumatic Directional Gyro Turn Indicator 
i Rotor; 2 - Flanges; 3 - Hoazles; 4 - Tubes conducting air to the noz- 


ales 330° Angular versity: of rotor; F - Air jet spinning the rotor; 


weg ree satieadest scene Meats 


P ~ Pressure, of jet on flange caused ney the moment Pe and the precession 


ep ana te 


and “ made nanually by the pilot. 
the: tern gyre sendcompass is also anea for ich ar instrument and is explained | 
ob the fact that this snstrument cannot completely replace the compass; t the gyro. 


: 0 yo dpi provides only a possibility of nolding the course with an accuracy with 
| An 2 - x for a limited time interval (10 - 15 min). 


TEAR Taos br eee ner ELIAS OT seat enh bene ee REN ETN ome 


Figure 1,0 gives the diagram of a pneumatic gyro. seni compass. . The rotor is. 


MRTG 


F , ls by. an oe jet: Assuing from two. nosales, one on each. side of. the. rotors, Tre 


moment. of. inertia of ‘the rotor is about ‘0.8 gremrsec’, and its speed. is 20,000, to 
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i: eae 000: rpm. “me rotor rests on ball bearings mounted in the inner frame. “The outer, 
we ee 


— and inner frames likewise sent on. ball bearings. ‘the scale. of the instrument: (2) is 


= attached to the outer frame (3) of the suspension. The course Line from which the 


a readings are taken is placed on the glass ‘mounted in the instrument. case. 


Fige1,0 - The Gyro Unit of the Directional Gyro Turn Indicator 
1 - ‘Rotor; 2- card; 3 - Outer frame; 4 - Inner frame; 5 - Bearing; & - Small 
| cog wheel; 7- Caging knob; 8 - Frame cog wheel; 9 - Caging lever: 10 - Koz-— 
ne; u- - Caging forks 12 -  Caging. pushing; 13 - balancing | stud and nut; 


hs Spring plunger 


SE Te er an 
: ‘ 


The stop lever (9) 4s attached es the ‘outer frame and is actuated by the caging 
a nob (7). When this knob is pushed "in", the yoke (11) engages the conical cutout 
an the face of the cog. wheel (8); in this: case the yoke is set in the horizontal di- . 
-  eitee and lifts the bushing (12), turning the lever (9) upward. the Lever () 
eon to rest on ‘the Anner frame and does not allow it to be displaced. At: the same 


- time the 08 wheel, (6) engages ‘the cog wheel 1 (8) » £0 that turning the knob o) om 


see ener 
: LaeinvAtBUR PAE ROW SRP FINAN PE 2 EES 
usp en TE EPA A TA LOA EH 
eH > . a a a L. : 
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rotate the ‘entire “gyroscopic unit is rotated by the required angle. Wo precessional - 
motion occurs when this ie done, since the dimmer. frame 4s fixed by the stop degers 
“that is, the gyroscope is. deprived of one degree of freedom. When the kneb is pulled 
Mout, the gyro unit 12 -Feleased and the instrument begins to operate. 
In most ecole after setting the aircraft on the required course, the pilot sets 
“the gyro card, mo nounted to. the inner frame, to zero division, and then only observes : 
the deviations. This relieves him of the necessity for remembering the flight-path — 
Paks | | 
| Errors of Direction Turn Indicators | 
- Error due to Diurnal Rotation of the Earth. The principal axis of the free 
a a constant direction in space; in this case, owing to the rota- 
- tdon of the earth, an apparent motion of the gyroscope about the xx and 22 axe5 0c~ 
. The angular velocity of the apparent motion depends on the geo- 
graphic latitude and longitude of the 


place and on the angle of inclination of 


the principal axis to the horizon; the 


5. 
‘ 
: 
¥ 
x 
4 
s 
nN 
4 
y 
2 
a 
i 


teehee SLR nee EIN Re 


Pigs U2 ~ apparent Kotion of the Rotor Fig. 142 - Compensation of the Earth's. 


erties ctr aes k 


nw asasinksd ete ATS OED peruse em sient ream ice ee ISS 
gaan . 
faiosea Syigtanng \ bitin Da eedcea! gue 1S batae sta aS Ne Dee waeeela,. co ee , ms Midi ir ees - 


of the Semicompass with Respect to. 7 Rotation by Displacenent of the Center : 


the Earth | | / of Groves of the poter 


© eae velocity 4s equal in value to the vertical a of the velocity of ro~ 
~ tation of the earths For example, for Leningrad, the velocity of the apparent pre- 


mo 


aii of the gyroscope due to the carthts. rotation is equal to 13°/our- 
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laa, the apparent motion of the free. gyroscope | about its axis. ‘This is. accom 
“plished by displacing the center of gravity of the rotor by a certain value L with 
~ Teapect to the center of the rotor (Fig. 12) under the action of the wei ght Pp. If 
the magnitude of the moment Meo Pi produced by this wei ght is so selected that the 
"precession due to mee moment is mene in magnitude but opposite re direction to the: 
apparent motion, hers will be no errors in the instrument readings . This motion, 
_ however, can be completely eacetaaten only for the given latitude and at a constant 

. ‘rotor speed, since the rate of precession, due to the fact that M« Pi, is deter 

; : a mined by the relation | 


PI 
(QD oe SE esing. 


I 


"where ® is the latitude; 
: .) is the rate of precession; 
w, the velocity of rotation of the earth. 
| 2. Error due to Variation in Latitude. This error appears in flights at lati- 
: tudes different from that for which the error due to the earthts rotation had been 
- elindnated by balancing. For example, a sexicompass balanced for Leningrad will de- 
-viate by 24 */hour in flights to the Crimea. 
3. Errors due to Variation in Longitude and Latitude (without allowing for the 


- rotation of the earth). In flights along a eee the position of the gyro axis 
in space will vary by the value : 


Frerotte cae k ave RQ hye ETAT Betas yada TS tee ee eee te 


? 


: Ss i : 
AY == —- ty s, aa (9 
Ae 28). 


AAR aN Let AE TURD, 


perbtesn 


At the influence of the ‘carthts rotation is neglected (Fig. 43). For example, ina. 
flight along the 60° parallel of latitude, j the readings of the semt eoeereyet be 


EAS sik MADERA NS poe eyNCn ae. 


me 1956 too: low tor a distance of 100 kn eastward. 
A variation in latitude causes 3. variation = the vertical component. of the 
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angular: velocity of the earth's rotation. For this reason, if a seal compass is bal- 
anced for 3 cortain latitude Qs there will be an error in its readings due to unbal-_ 


: ‘ance at al sthbe latitudes. This error is relatively small (of the ayder of about 
: : 244°/rowr). 


the Bearings. This errer may reach 3-5" in 


1“ nin,. which necessitat frequent corrections of the senicompass readings with 


ee Ssties instrument. 


Fig.13 ~ Error Due to Variation in Longitude 


t 
4 


Re- Radius of earth; r -~- ‘Radius of parastery e- Latitude of the place; 

C- North i B - Two points at the same latitude; hyAo, Longitudes 

of these points; Ay ~ Angle between the meridians of the points: A and B; 
ABer (ry - No) 


56 Errors due to Unbalance of the Suspension. 


? be cardante Error. The dais of the outer frame to which the card is nounted 


are attached to the instrument case, parallel to the vertical axis of the aircraft. 


z we eotat BLT Pint Ate eed NRRL PPAR Mt HEE RAE LW kg pata Soin ecko ee i Cl ee RST At aE AT: sate tne ee 
Sh uae Ui ate 0d poliae heeayelt es Saree ett se Gite, tie data Byk = ty Ye 5a 


7 ~ then the aircraft is inclined, this axis and the: gyro card are inclined together 
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tne the a etieect vhile the Serres of the. rotor axis remains soabeahe This — 


Leads to a geometric error in course reading, called the cardanic error. 


Brdnsio Characteristics of a Directional Gyro Turn Indicator | 
Moment of inertia of rotor | 
Homent of friction’ in bearings 
Speed of rotor | 
Macht deviation in 15 min 
Weight S otget 2G ta: 1.5 kz. 
Allowable piteh and ‘bank 3 | not over 45° 
Like the gyro horizon, a gyro semiconpass can operate either on pneumatic or 
“electric power. 
Recently electric gyro seni compksase have come into wider use. 
The gyro semicompass is used as the sensitive element of an automatic course 


| Andicator, which is one of the principal units of an automatic pilot. 


etic Compasses 
The senatnce of the gyro semicompass must be periodically corrected by the 
- readings of a magnetic compass, selecting for this a time when the magnetic compass - 
has the enallest @rrors. In the gyromagnetic compass this correction ts performed 


w os 


- autonatically and continuously and converts the instrument from a sexi compass into a 
~ compass. | | o 
Two types ‘of correction by a magnetic compass are used. 


2s Remote control, when a remote magnetic compass is used for the correction. 


i 
i 

: 
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2. Direct control, when a magnetic. syste located. or ‘the gyroscope is used. 
_ ‘The former variant of the correction. gives readings of higher accuracy, | but the 
~ eorreetion device, in thie cane, is bulkier. The latter variant gives the most com 
ee size from the design point of view. ‘The most successful design of a gyromag- 3 
“netide compass, ‘constructed: ‘according to the latter method, Ss the. an-2 ‘gyromagnetic 
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“compass proposed in 3932 by the Soviet degigners D-A.Braslavskiy, M.G.ELMdind, and 
_ Malfekachkacht yan. : 


Figure Uy, gives a schematic diag gram of the CMK-2. The @K-2 gyromagnetic come 
. pasa consists of a static gyroscope with three degrees 


Pigelid - Schematic Diagram of the Gyromagnetic Compass 

1 ~ Rotor; 2 - Rotor shell; - Frame; 4 - card; 5 - Magnet; 6 - Eccentric 

slide; 7 - Nozzle; 8 ~ Tubes; 9 - _ Pneumatic relay; 10 - Aneroid; 3 - slide 
of magnetic correction; 12 - . Orifice of correction chamber; 13 ~ slide of 
pendulum correction; a - Rotor driven by nozzle; Be: - Air duct for rotor} 


16 - Shaft : _ 3 % 


7 ee 

pal axis in the horizontal plane. The rotor (1) is enclosed in the shell (2), 1 which ee i 
: 

i 


As the inner ring of a Cardanic suspension. The shell is attached the REESE 
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“frame (3) whose axis of rotation coincides with the normal axis of the: aircraft, yy. 


the outer frame carries a card graduated fram 0 to 360°. 


The shell (2) of the rotor carries the moving magnetic syatem (5) with the ec- 


le 


Ee 


re 


oe 


“centric slide (6) attached to its axle, and covering the nozzle (7) of the magnetic 
“corrector. The receiving nozzles are connected: with the pneumatic relay (9) which 
“is also installed on the rotor shell. 

7 The pneumetse relay consists of an aneroid (20) whose inner part is: connected 
“wit th one of the nozzles; it transmits to its outer side the pressure from a second 
_nozsle. “The center of the box is connected over the shaft (16) with the slides (11), 
which cover the jet slide (12) ana are located on the upper and lower parts of the 

_ chamber. In the neutral position of the aneroid, when the pressure. difference is. 

int to zero, the slide covers the upper ard lower orifice. 


The two magnetic slides (13), which half-cover two side windows when the rotor 


shaft is horizontal, are also attached to the rotor shel: 


The instrument is pnewnatic, and its feed ane 4s entirely analogous to the 
| feed system of the gyro horizor. 


After the rotor is started, a considerable part of the air enters directly into 


oe correction chamber and only an insignificant part of it passes through the sys- 
ten of nozzles into the pneumatic relay. The magnetic correction operates in the 


"following wey’ 


If the axis of ‘the roter is parallel. to the saaneks neridian, dee parallel | 
- te the axis of the: magnetic system, the eccentric slide (6) covers the nozzles, the 


- menbrane occupies. a neutral position, the actions of the air jets rene from the 


toner en ROD RGAE 9 NR RAR 


SU BS ES AARC CREE II endegeoetevetnerieesinih ne de Ais I RA verte 


upper and lower orifices balance each other, and no new external nonents are applied 
te the gyroscope. ee 


a 


ree § 


If the rotor shaft deviates from the north-south section: the nozzles of the 
~ pnewiatie relay will be covered differently, the pressure difference on the aneroid 


wild deform it and cause a dioplacenent of the slide valve; in this case, one of the 
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“orttece (12) of the nowzle will be covered nore and the other less, the air jets 
wil no Longer balance each other and a moment. wild be applied to. the gyroscope, 

causing its preceupsch: in a direction Sapeskte to the original deviation of the rotor 

" ghaft. The magnetic correction, © operating in ‘the same way ag ain the gyro horizon, 
maintains the horizontal direction of the rotor axis. 
2 In this instrument, a new version of the pneumatic eatin’ correction device is 
ed: in which the signal pickup is an air collector with two. nozzles covered by exe 
“eentric slide valves, while the moment pickup is an air chanber with two pairs of 
“windows, « one of which provides ; a correction ie the vertical Sane (pendulum) the 


other a accge bind 4n agimuth feneeee: 


"Errors of the OK-2 G _ etic Compass 
i. Deseo created by the influence of the gyromagnetic force of the air- 
craft on the magnetic part of the correc- 
tion device; the deviation is reduced by 


the aid of a deviation instrument. 
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Figure 15 shows its principle of opérat 


‘tion and its appearance. 


The deviation instrument consists of 
“four permanent magnets preces in the aura 
drm case of the instrument in the shape 
ofa cross, with the south poles at the 
ends. One pair of magnets is parallel to. 


“Figslss - principle of. operation of 
the longitudinal axis of the aircraft, the 


the Deviation Instrument . 

other to. the lateral axis. The magnetic 
- theta of theae magpene is ieee by a screen of soft iron placed ‘under me ina griets. 
| the. screen may be displaced in two ‘mutually perpendicular directions. Accord- 
- Ang to the location of the aeresn; the value and direction of the stray field will 


vary and will compensate the semicircular deviation of the inetrune 
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36 The banlelng, deviation and rotational error are the same as in any nagnetic 
= Anotrunent. The Cardanic error ‘is the same as'in the gyro seni compass. | : 
: che Errors due to eddy currents; these arise in the rotor when it rotates in the. 


To reduce 
Jone value of the currents, the rotor ia milled perpendicular to its axis. 


“Principal Characteristics of the Gyromagnetic Compass 


Koment of inertia of rotor 0.64 gn-cn-sec™ 


Moment of friction in suspension | 


0.3 gn-cm 
Stagnation 


ha 


Setting to meridian accurate to 3° 


Rotor speed 12,000 rp 


Fate of precession 10 - 15 rpm 


Reactive moment of correction 2.5 gmecm 


Wei ght about 2 kg 


Period of rotation of rotor due to inertia 16 - 23 min 


Deviation on inclination not more than 5° in 2 min 


_ Remota-Reading Gyromagnetic Compasses 
3 Remote-reading gyromagnetic compasses are being more widely used in recent 


_ tines (Bi bl.12). 


| Pigure ué gives a achenatic diagram of one of ieee renote-reading gyromagnet— 
“Ae compasses, 4 | 


‘The Da renote-reading precauasecie compass is a gyro senicompass with read— 
ings corrected by a ‘type PDK magnetic compass. 


The —_ set of the instrunent contains: 
| aoe gyro semi compass; 


be a + type PI -agnetic ‘transndtter; 


ARGOS SSG AB Ra EE RE BU EEA “BAN Sefer ARATE Oa et en TEE ie agit | oS et ene eg eee te ete 


SEERA SUD A BERRIES, 265 sis 
epee haemo 


maybe 
aE 





a 


236 


i 


scl 
mi 


2 


Wasi 


wth re ee 








Declassified in Part - Sanitized Copy Approved for Release 2012/1 0/23 ; CIA-RDP81-01043R001200220003 7 


2 an amplifier; 


= two indicators; — 


a junction box; 


a 1 knob for coincidence; 


ge Liv BOM LMS BOE ERR NES 


| Be a ‘transformer. 
On the axis.of the outer frame of the , free gyroscope (1) is attached the type 
. PDK ring potentioneter (2) with two diametrically opposite poe a - direct-current 
‘yoltage of 27 vis episode Three brushes , 220° apart, slide on tne potentioneter- 
| the position of the brushes with respect to the conductors determine the values of 
_ the potential of each brush. Through the contact ring (9) and the current collect- 


ing springs the brushes are connected gismiltaneously with the potentiometer ‘of the 


tes 
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Gyro wnt es 
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paras a Men roa mening eT golive ibe wan bee PE Ban As RIE SE Gately emer oan tee teas eS : 


PigeLib - | Schenatic Diagram of the nenote-Reading Gyromagnetic Compass DGEK-3 


cpp rN 


| = _ Outer frame of free gyroscope; 2 - Ring potentioneter; 3+ Magnetic pickup 
PDK-15; ee Indicators; 5 - Amplifiers 6 - Electric i moter; 7 ~ Brushes; 8 - Re- 


ducer; 9 - Contact one 10 - Adjusting button. 
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magnetic pickup (3) and the two, indicators (h)- ) 
if the angles ‘between the brushes and the conductors of the gyro unit, , and be- | . 


“tween the brushes and conéuctors of the o magnetic plelep, respectivelys aifter by 0, ; 
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hen the potential aifterence across “the ‘donductora. of the transmitter is ‘equal to 
|  BOroe However, if the difference between: these angles is not equal to 90°, a poten- 
“tial difference is produced across the conductors of the transmitter and is deliv- 
“ered to the input of the amplifier (5). ‘The voltage tapped. from the secondary aod, 
ng of the output transforner of the amplifier is fed to the control winding of. the 
“electric motor (6) of the gyro unit, which rotates the potent tometer brushes of the 
gr unit. in the direction in which the angle of discrepancy will be reduced. 
Thus, the readings of the indicator depend on the position of the brushes with 
_ respect to the potentiometer conductors of the magnetic pickup. In this case, the 
“indicators show the compass course with an error of not over ao, 
A discrepancy between the position of the brushes of the potentiometer of the 
gre unit and that of the bagnet of the pickup may be Sue to either of two causes: 
a. Precession of the gyroscope in arimuth. 
since the gyroscope is not corrected in azimuth it may precess under the action 
of the forces of friction and of a certain unbalance of the inner frame, which is 
- alays present. This precession of the gyroscope is compensated by the correspond- 
. ing movenent of the brushes of the potentiometer of the gyro unit. Since the rate 
| of precession of the gyroscope, under no conditions, exceeds 1°/nin, the precession 
ot the gyroscope in azimuth cannot cause discrepancy in the system. In addition, 
this rate of deflection af the brushes also assures, regardless of the fluctuations 
vee the magnetic system of the PDK pickup, that the indicators will show the mean 


~ compas 8 course e a 


4 be S shifting of the card of the magnetic pickup. 

the dynamic errors of the magnetic system of the PDK which arise under high” 
“jos factors ok the aircraft, cause & dteplacenent of the cand of the magnetic pick- 

: <P Asading to discrepancies in the systen. “In this case. the electric motor (6) of | 


| the | gyro unit: rotates, the potentiometer brushes ina direction diminishing the dis-— 


© = grepaney so that asa readings of the indicator show an @rTrore However, since the 
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one quariaads, eapecially those ‘oreated during turns, & ‘are usually. of prief duration 
and since the gyroscope, during this time, maintains | its position in space practical~ 
"ly constant, ¥ while the rate of deflection of the brushes is small (3°/nin), the er- | 
ror for each minute of fia not exceed De 5° on the average. 
| The excessive ‘TTeTS. Ae ~ant in th a nagnetic compass and t the necessity for a 
precise determination of the aircraft course in solving a number of problens, foree 
us. to geek new solutions for deveretn te the aircraft course. One such solution is . 
the creation of ‘instruments based on the direct measurement of the earth's magnetic 


" fHeld, isee, the creation of induction Compan erent 


* pesote-Reading ‘Induction Compasses 


The remote-reading induction compass consists of: 
1. an induction pickup; 
- several of indicators (including one master indicator); 
an amplifisr; 
an inverter; 
5. a caging mechanism. 
The induction pickup js a principal part of the instrument. It is placed in 
_the aireraft wing or in the tail of the fuselage to isolate it from the interference 
of the ferromagnetic © masses of the electric currents. 
The sensitive element of the pickup consists of three pairs of rods (FigelL7) 
" made ofa material vith a high magnetic permeability (permalloy). Each pair of rods 
ds provided with two windings, one of which serves for the magnetic excitation of 
chee rods and the other for indicating the change in direction of the rod with re- 
: epee of the earth's magnetic tela. a os 


- The ee windings are. ‘connected in series and are fed by 500-cycle alter- 


fhe. alternating g magnetic ried produced by | these. warrente in the rods of each | 
pati have. opposite directions. For ‘this reason, they do not induce an ent in the 
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~~ secondary windings but merely er a change in the magnetic permeability of the 
on co | 
a Because of the periodic variation in the magnetic eipen isd tye the hordaontadl 
"component of the earth's magnetic™ field produces pulsating magnetic fluxes in the 
aie leading to the appearance | of an electromotive force in the secondary winding 


. ON TNE a, 
Magee SIM trerarion 


ee OF TW SENSITIVE 

NTT SLEMENT BY 

QO) ALTERNATING 
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Pig.lu7 - Diagram of Sensitive Element of the Induction Pickup 


_of a magnitude which 4s a function of the arrangement of the rods with respect to 


the magnetic meridian. 


The emf reaches its greatest value in the winding of the rod located parallel 


Nigh ge IT RV tattle ge TE ~ sbebte peaits ot 


to the lines of the field (north-south). No emf appears in the windings perpendicu- 
lar to the field d (east-west) since their loops are not cut by the magnetic field. 
To each course of the: aircraft there ‘corresponds a definite ratio of the emf 
— of the three windings. “This fact is ‘utilized for measuring the aircraft course. 


The pirat eleneny of the pickup is mounted on a gyroscope with three de- 


gaiaianichin hee A REN HL TEE BN ARE 


; gen aor ‘the ‘body axis of the gyroscope is Jecated ain the vertical plane. 
— ‘The gyroscope mintains the horizontal position of the sensitive element and, 


cs any change in course, does not interfere with the rotation of the elenent eee 


AEE REPENTED ALOR 


er with the aireraft about the vertical axis. 


oe Figure 2 us B gives | a alagran for computing. the course by such a compass. 
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Eo Donen Cone 


“The main indicator Ga) contains a selsyn (2), which receives the emf signals 


‘from the. seninitave element. 7 | | 
The secondary winding of the induction pickup feeds the stator winding of the 
“seloyn (2). | In the winding of the selayn rotor an ent is thus induced by the resul- 
; tant magnetic flux of al three stator windings. Consequently, the resultant emf of 
. , the rotor winding will have a ee herent angular direction , depending on the ratio 
between the electromotive forces of the pickup windings (i.@s, depending on the 


habse). Since the ent of the selsyn rotor is amall, it is amplified in the vacuum- 


Gy apa ree d 3 , 
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Figs - Circuit Diagram of Remote-Reading ‘Induction Compass. 


Saeed 2 


- Pickup; 2 - Selsyn; 3 - Magnesyn; 4 - Main indicator; 5 - Auxiliary indi- 


cator: 6 - Reducer; 7 - Amplifier; 8 - Asynchronous motor. 


, “tube esplitter(7) from where the orplified signals are fed to one of the windings 


me: secondary winding of the motor is fed by altemating current of the sane 


Pe at Santee ett eg One 
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. frequency, obtained directly from the converter. The phase of the current applied 
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re ‘the -esondaey winding ie ‘constant. 
ee 


The electric motor (8), over the reducer (6), rotates. the pointer o of eile main 
| Andteator (a) and the: rotor of the selsyn, (2). When the retor of the selsyn has ro- 
_ tated until its winding is perpendicular to the resultant magnetic flux of the ata~ 
"ter, the emf in the selsyn disappears, the electric motor (8) stops, and the pointer 
‘ of. the instrument indicates the course of ‘the wipcmatte 
ae Every change of course is accompanied by a change in direction of the magnetic 
| flux; in this ease the electric motor is again excited and shifts the rotor and nee 
_Anstrument pointer to a- new position, corresponding to the new course. 
The course computer mechanism, while spinning the rotor of the selsyn tube, 
also spins the rotor of the eaererye (3) which transmits the readings to the awdl— 
> dary indicator (5). 
The awdliary indicators have a receiving magnesyn with a pointer on the rotor. 
Since the transmitter of the compass has no roving sensitive elements to cause | 
_ inertia errors and is remote from the fer romagne etic mass roducing deviations, it | 


san give readings with a high degree of accuracy; this has led to its widespread 


os use in medium and heavy aircraft. 


The absence of a Cardanic error is a BEeat advantage of the seduction compass, 


“ith the sensitive element stabilized in the plane er the horizon. 


In desi ging a remote reaerne induction compass, it must be cegnenbaned that the 
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_very accurate ero vertical used in it must be installed at the center of gravity of 
~ the aircraft (to ensure adequate accuracy of the readings) while the magnetic indue- 


~tton pickup must be placed in a location where the compass deviations: are negligible. 


} 


nddnets ¢ 


ot practice, the magnetic deviations are not at a minimum at the center of ere 
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CHAPTER VI 
AUTOMATIC PILOTS - 


Section 1 


In flight, an aircraft may rotate simultaneously with respect to all three axes. 
Since the aircraft rotates with respect to its center of gravity, it is neces- : 
- sary for maintaining the longitudinal equilibrium that the sum of the moments act~ 


- ing on the aircraft with respect to the 22 axis (cf. Fig.l), are equal to zero. The 


i sears, sot 


“ -moments. turning the aircraft with respect to the zz axis may be due to aerodynamic 


“forces, to forces of gravity, etc. 


If the longitudinal equilibrium of the aircraft is disturbed, the elevator mst 


os : “be deflected to restore it. 


The equilibriun of the aircraft with respect to the yy axis is ensured if the 


- - um, of the moments acting in the plane of symmetry is equal to zero. This is called 
ae course equilibrium. : The disturbance of this ‘equilibrium may ‘be due to a ser: of 


a ‘reasons: distortion of the planform of one half of the wing, deflection of the rud-— 


- der, unequal thrust of the propellers in multi-engine aircraft, etce 
| A disturbance of equilibrium results in turns of the aircraft to the right « or 


be ~ lett : with a similtaneous dip in the direction of the turns ‘This inclination is the 


Tse 


result of the fact that the outside wing Gath respect to the turn) traverses a 


age eu 


net 


: a longer path during the same perfod of time; consequently, its pert and ict wi 
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“der toward the ‘pide opposite the turn. 


The equilibrium of the aircraft with | respect to the xX axis is. called lateral 
a “equilibrium and is maintained primarily by strict symmetry of the aircraft with re- 
ee to its plane of symmetry. 
The reaction of the propeller-engine | group, deflecting the aircraft toward the 
_ side opposite the sense of rotation of the propeller, is absorbed by aileron tabs 
~ (sual movable control surfaces circumscribed in the dimensions of the siy'eron): 
To restore the lateral equilibrium, both ailerons and tabs are used. 
While banking, the aircraft tends to turn toward the side of the bank. For 
- this reason, in banks and turns the pilot gies moves rudder and ailerons simulta-— 
fhe ability of the aircraft to maintain a constant flight attitude without in | 


“ tervention by the pilot as well asa its ability, during a short disturbance of equili- 


| - brim, to restore this attitude rapidly, is called the stability of the aircraft. 


The stability of the aircraft with respect to the xx and yy axes is called lat- 
eral stability, while the stability with respect to the x axis is known as trans- 


_werse stability and the etaniity with ernete to the yy axis as directional stabil- 
ity. 


FPN ey har ee oe RTA 


The additional ee of dynamic stability and ee in roll are also 
; - often used. 
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An aircraft is called dynamically stable af ; “without interference by the pilot, , - 
: | - ~at tends to adjust its oe of ameetry etrictly in accordance with serodynante 
; - forces. 
The tendency of an caireraft. to come out of a roll is termed stability in roll; 
“the mors stable the aircraft , the harder it is a the poet to change its attitude, » 
. 2 aS 1 the pe poorer: “a be its controllability. 
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To facilitate the wre of the pilot in “controlling the retort: automatic sta~ 


"plas ners known 4s autopilots are used. 
Alunost all present day autonatic pilote have gyroscopic units. 


Automatic: pilots with gyroscopes, having three degrees of freedom, are very im 
/ portant for flying without landmarks or at zero visibility. 


The automatic pilot ig an automatic regutalor designed to hold the aircraft at : 


| "a predetermined attitude without intervention by the pliet. It is therefore neces- 
| sary that the parameters characterizing the given attitude remain constant or, at — 
least, that the deviations are as small as possible. For example, in rectilinear 
+ horizontal flight, the mean speed, altitude, and course must remain constant, and | 
the amplitude of their variations mst be small. In addition the oscillations of 
the aircraft about ald three of its axes must also be eliminated. 
| Certain parameters characterizing the state of equilibrium of the aircraft rel- 
ative to its axes may vary during flight (centering, weight, propeller thrust, etc); 
the automatic pilot mst, without intervention by the pilot, hold the aircraft at 
the assigned attitude (or more exactly, at an attitude differing only slightly from 
the assigned one). 
| The automatic pilot must execute all principal maneuvers, i.e., right and left 
turns, in horizontal flight as well as in climbing and descending. 


The automatic pilot must be reliable, independent in its characteristics of the 


sens ya bs ab bth Mea Ete gh Wgtyee wotle Be oy Gar Gobet E sedip oA eR I ead aieat als SEL asin anette ae VE egg Pade ota es ta nadine? ieee betes Se iss 
eben Saget negra eg Hes ibe be at ye eda pea eR tee : 


ieee 


| surrounding medium, and simple in operation. 


by 


Since the similtaneous stabilization of the four prinespal paronevers of 
“ gusgnts altitude, speed, course, bank, is possible only by the ald of four control 
“_ elenents, dees, throttle control, elevator, rudder, and ailerons it follows that an 
7 autoaetie-; pilot which completely frees the Peet from controlling the aircraft mst 
consist of four automatic devices, for the throttle control of the aircraft engine, 


the elevator, the rudder, and the ailerons. Tn nost modern autoptlots this oe 
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hae not been fully ‘solved, and. the only, types: of f autopilots available at present are. 
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those manipulating the control surfaces of the aircraft. 
Figure 149 shows schematically the main parte of the automatic portion of the 


"automatic pilot. 


Tha sensitive clenent » consisting of a gyroscope with three degrees of freedom, 


t sae 


. picks up any vara in the aireraft parameter regulated ii it. 


| SENS/ re | 
ELEMENTS 


Pigelbd - Principal Parts of the Automatic Pilot 


At present, the sensitive element for paintaining the selected direction in an 
- autonatic pilot, usually is a gyroscopic instrument in the form of a gyroscope with 
- three degrees | of freedom, which is less subject to the action of gusts | than other | 


= _ “Anstrunente- 
The correction in these instruments does not basically differ from the correc- : 


“S “ 


ye ~ tons used in gyro horizons , directional Zyros, etc. ‘Membrane inetrunents operated 


. chy air pickoffs are used. for stabilizing the flying speed and altitude. 
oe “The Saitermediate | achanisme receive the Smpulses from the sensitive elements, | 
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amplify. and compound them cece necessary(if one control surface ig Cen erte 
setae sensitive clenente), and control the operation of the servo unit which de- 
| ~ gle ete the corresponding follow-up unit (the control surface). 
| Intermediate mechanisms consist of: 
a. a sensing elenent:: the pickup; 
oo amplifying element; 
a compounding element; 
d. a control clement. | | 
The power gources supply the necessary energy ‘to aii. ‘cea taane cLenents. The 
most widely used are pneumatic, hydraulic, and electric energye Electric energy is . 
OT tgliie into increasingly wider use. | | 
The follow-up unit coordinates the angle of control-surface deflection with the 
value of the deflection of the parameter being stabilized. 
The ndicator units allow the pilot to follow the operation of the automatic 
_ phlot and its components. The automatic pilot is turned on and off by control knobs. 
: The see unit agrieats the control surface of the aircraft by means of ae 
ternal source of energy. According to the type of energy used, these are divided 
tee pneumatic, hydraulic, electric, and mechanical. The pneumatic ee usually 
operating on &@ pressure of 1.5 - 5 kg/em” » have the smoothest action. Of all power- 
_- consuming elements of the automatic pilot, the servo ) units consume | the most power. 


rae 
The source of energy used generally is a pneumatic or hydraulic pump. Acco 


tive 
“Ang to their purpose, these pumps are divided into groups serving: a) the sensitive 


elements a the | servo units; c) the intermediate mechanisms. 


Section 2 
- PRINCIPLES OF CONTROL 


Any automatde pilot operates on one of the following control principles: 


i Direct Control: a Direct-Acting Automatic Device. The sensitive elements 
1s Direct | 


ae ay aceoeatde devices take the form of penduluns or free. eee Pendulum 
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automatic pilots have not come into wide use, since all of them operate at consider. 


able lag and cause flutter of the aircraft (yawing). 


Cyroscopic automatic pilots of this’ liad also are not in wide: use, pecans’ os 


the need for high-power gyroscopes. 


Presen-day automatic pilots do not use direct control pine tes: 


Ze Indirect Control without Follow-Up. This type of control leads to need 


oscillations of the control surfaces and the aircraft itself (auto-oscillations). 


This method is oF used on aircraft. 


ae Indirect Control with Rigid Follow 


Up (Pig.150). An automatic pilot with 


such a control consists of the free gyro- 
scope (1), whose frame is connected over 
the tie rods (2) and (3) with the valve (4), 
controlling the operation of the piston 
servo unit (5); the rod (6) of the unit (5) 
is connected over a tie rod with the air- 
craft control surface (7). The lever (8). 


connects the valve (4) with the upper end. 
— : of the piston rod of the servo unit 
Pig.150 - Principle of Indirect Con- | 


| (follow-up). In this arrangexent, the po-~ 
trol with Follow-Up a 


sition of the valve depends on the position 
“le Gyroscope; 2- Tie rod; 3 - Valve ; 3 : 


of the gyroscope and the position of the 
tie rod; led Valve; 5 = ‘Servo unit; 


control surface. 
6 - Piston sai 7 - Control surfaces 


| tt ; On any deviation from the assigned 
§ - - Follow-up clutch; a, b, c, and 


flight attitude the valve is displaced, 
od = Arms of clutch; ¥ - Angoe of devie 


| ‘for example, upward; in this case, the 
ation of aireraft. 


AEE eS RU TPININ oe Help NIG UD It GONE RA TEE RMA SRS A AL Sead a tle dy CREE os oe Rtiey ornare ahgi de howe ues op ee leh ot an, 


VBS: 


piston of the servo unit moves downward, 


- deflecting the control surface to the ‘left. At the same time the Piston rod of the 
STAT 
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 gervo unit moves the valve downward. The motion of the piston and the deflection of 


the control surface is interrupted, as soon 45 the valve returns to the neutral po- 


* sitions | fe. - ! 
“gutomatic pilots operating on: this principle do not always) completely restore 
“ehe assigned state of operation. For example, in aircraft equipped with a Longitudi- 
onal automatic device, on any change in centering due, for example, to the displace-_ 
ment of a passenger in the cabin, which will cause a. nose-down (or nose-up ) of the 
aircraft, the automatic pilot will deflect the elevator upward (or downward) and the 
—equilibriun of the aircraft would be restored se the instant when the moment ae 
- duced by the control surface balances the accent produced by the displacemant of the 
‘center of gravity, 1.e., at Sine new position ‘of the aircraft. The angle at which 
the aircraft still deviates from its original position is called the residual error 
of control. For raturn to the er flight attitude, the pilot must apply correc- 
_ tions manually in accordance with his instrument readings. 
: he Indirect Control with a Nonrigid Follow-Up, also Termed Isodronic. 
In this case, the valve (4) is connected with the piston red of the servo U- 
nit (5) over the damper (9), called a cataract (Fig.15]) whose degree of damping is 
| regulated by the cock (10). If the cock (10) is closed, the follow-up is converted 
ante a rigid follow-up. The end of the lever (@) carries the restraining spring (11). 
| The action of the follow-up of the servo unit on the valve depends on the rate 
of relative displacement of the aircraft er the aircraft control surfaces. In the 


ae oP biter Mukwesaheeae this automatic pilot epersies like an automatic device | 
we with a rigid follow-up. 


On prolonged disturbances, such as due to a change in the thrust of the right | 


Atak dy Pg RATES EAN NEE nse h vi REPSDR RITE T EMT ae en OE SS 


“propeller, the aircraft begins to rotate (in this case to the right) while the valve 
= roress the rudder to deflect to the left. As in the preceding case, the aircraft. 
> aseume a new position, different from ite initial position, at which the moment of 


- the deflected contrel. | eurface conpensaten the moment of asymmetry of the ‘thrust. We 
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“obtain. a new position of “equilibriun of the aircraft, but. not of ‘the automate ‘ae | 

heey | since the spring qa) an this case will be stretched and will displace the pis- 
ton of the catarac’. (9) and the valve (4)- 
upwards, for which reason the angle of de- 
flection of the directional rudder to the 
Lett will increase stilt mores The equili- 
brium of the aireraft with respect to the 
yy axis will be disturbed, and the siverare 
will begin to return to its course. 

This process will continue until the 

spring and the valve are established x 
the neutral position corresponding to the 


assigned course. As a result, the air- 
Tener se Indirect Regulation with 
craft will now be stabilized on this 
Nonrigid Follow-Up | 


Et WS ee wa ~e 
x 


course. In this case, the rudder is de- 

1 - Gyroscope; 2 - Tie rod; 3 - Valve | 
: flected leftward by an angle such that the 
tie rod; 4 - Valve; 5 - Servo wit; 
| moment from the rudder will exactly com 
& - Piston rod of unit; 7 - Control 
| . pensate the moment due to the asymmetry of 
surface; § - Follow-up knob; 9 - Cata- | 
the thrust, and all elements of the auto- 

“yacts; 10 ~ Cock; li - Spring; » - An- 
a matic device, except the piston rod of the 
gie of deflection of aircraft. 


rudder machine will take neutral positions. 


Section 3 
| STRUCTURE AKD oan OF AUTOMATIC PILOTS 
Poematic Automatic Alot 
The operation of all three automatic devices of the APS aneencide, ieee 


a i lateral, and ‘directional, is based on a single principle. ‘The. sensitive ele- 


is spanned eds Eri Ran ho SAREE BEEP ATE EE EEE seapahnteteaasantsg ne 8 te Meets Sad pase Cel Eee OS eb sh wed tee gigi hak BB aan AS opts te BE Det PUT ee ia eS MS Bg 


oe a witich consists: of an astatic gyroscope with three degrees: of freedom, sates: 
a ‘servo. Ter over a valve, by means of a special pneumatic. relay. This unit then 
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7 | defects the corresponding control surface. 


nal | 
The. sensitive element of the course stabiliser represents ‘a directional Eyre ; 
rs is a gyre 

while the sensitive element of the lateral and Longitudinal stabilize | 

4 Both gyroscopic instruments are p eumatic and are analogous in design to 
| hor! BOT 

some addi- 

: the above-described directional gyre and diving gyro horizon, exept for 

tional parts. 


- | a : . - 
a uae 152 gives & schematic diagram of the course stabilizer of the automa 


Ore INTAKE 01 FROM PUMP 


cic nees bis eiepeem oe tie Pilot | 
Fige152 - Schematic Disgram of Directional Gyro Control of AP 45 automatic | , 


Th Scestigmay. gyro furnishes airplane headings while the aircraft is under 


"The caging eee antes as in an ordinary directional EyTO- 


wnper 
_ The. lower’ « card : is | cad same as in. conventional directional gyros. The “nn 
OR wheels and a ditterential. with: the. 
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. adreraft owing mob and over ‘follow-up cables to the aircraft rudder. : 
When the scale divisions of both cards coincide, the are-shaped valve, connected 
with the gyroscope covers all nozzles of the air peel system, and the pneumatic 

| relay occupies a neutral position. The air enters the pick-off from special pumps: 
“through a central orifice. 

On any deviation: from the course, the body of the automatic course device and 
the collector ‘rigidly connected with at. are deflected together with the aircraft, 
while the valve connected with the gyroscope, catatatne a. constant position in Space. 
As a result, the noszles are covered differently, causing the pneumatic relay to ae 

erate and the valves of the servo unit to displace the rudder in such a way that the 
-aireraft begins to return to the initial position. 

The follow-up system is in the form of cables connecting the piston rod of the 
servo unit with the air system, and displacing this pick-off system by a quantity 
proportional to the deflection of the rudder. 

An automatic ¢ course stabilizer designed secuniine to this layout is successful- 
ly used on aircraft, but has a number of drawbacks: 1) it does not ensure coordi- 
“nated operation of the rudder when exposed to disturbing forces; 2) it has an inade- 

quate service ceiling; 3) it is hard to regulate under various flight conditions 
gee bumpy flight); 4) it requires varicus different types of power sources; 5) it 
— an inconvenient mechanical follow-up pyster, etc. | | 
The sensitive elements of the longitudinal and lateral stabilizers of the air 


-oratt 4 are in the form of a gyro horizon with two pickups; one for Longitudinal sta- 


ae ‘bilization, the other for the lateral. 


|The deflection of the Sunthon surfaces is accomplished over é a eer relay 


and a servo unit. 


panes ete saneesNettnn ney MRE NESS a ent AOA NEE NENG MUMATE DISA RET ORY OEE RRS 


ae ‘the followup consists of a systen of cables. The suai layout of the auto~ 
“matte pilot Je given in Table 5. 


" . 
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Table 5 


Name of Part Ss Weight «=9=—(ss—~S*ésNatme of Part 


Automatic course stabilizer | 5 Drainage tank 
Longitudinal-Lateral : Pressure regulator | 
automatic stabiliser . Electric remote control 
Mounting bracket: Oil pump 
Hydraulic unit Weight of installation, in- 
Servo unit | | : ; Augie transmission and 
| O11 tank oil 


Two-pointer manometer 0.2 


The kinematic diagram of the automatic pilot is given in Pig.153, and an over- 
all sketch in Fig.154. 


A special pressure regulator is used to maintain constant eteanane in the auto- 
matic systex. 
- The oi1 for the pedals units is kept in a tank and is supplied through an 
. of pump over an oi. filter to the oil valve and servo unit. The excess oi] and the 
ee used oil are eeegeiad to the oil tank through special manifolds. | 
: _ Depending on the type of erererne the following variations in the Layout of 
“the automatic pilot are popatbies: 
- “i. The sensitive element can be fed by vacuum. 


2s Remote control ‘units can be incorporated in the design of the instrument, 


Sener eire nario” 


s g 
t KS . ; 7 é 
%. i 
ae : 
ey catactist ane SURO MATT of ae GS SEE MF TSMR AE ENR Rated Sn ceets sole Stet nat 

. Loren ER SORE WIRE Se panes Be sabe A la EARS SOOKE OLA v3 o apenas gmat Nese: Hh Ss PFET oA Mee Se BE SAS PR ISTE ‘ 

i : IRL SN oi i 

rn By Ee Wout na Ree cdaat dee ad Are ee ee Re 7 z : : 


with control knobs at the pilot and navigator seats. 


Bes Corrections from a magnetic compass and a radio compass can be provided. 
|e Instead of compound servo untts, separate units may be installed. 
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Figs153 - Kinematic Diagram of AP-45 Automatic Pilot 
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oe 
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Be) ho ik ot ateatl agen Fie Sag, 
| > e up to 35°, a & | 
The: automatic pilot is able to make & a climb at an angi 


o 
: angle wp. to go°, and a- turn with a bank up to 55°, 


6 


and lateral 
i urse stabilizer; 2 - Automatic longitudinal 
1 - Automatic co 


unit 
stabilizer; 3 - Servo unit; 4 - Hydraulic 


Characteristics of the AP-45 
9 - 10 km 
a from +50 to 
(0.5 - 1°) 
85 kg 


1.5 ~ 2 hp 


Temperature range 
angular oscillations of aireraft 


Thrust of servo unit 
Power pad 


| 100 mm Hge | 
naintaine a ressure of 80 - | 
a — successfully in commercial aviation, 


ea Se lonanmsdreennete aegence toh mrss 


The AP-45, pneumatic 8 automatic pilot is used 


wines 


and nests the: following specifications: 
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Accuracy of stabilization a about 1 - 
‘Temperature range | from -20 to +50°C 
Service ceiling — a about 7000 m 
Besides this, reliability, low. weight, low cost, and simplicity of operation 


~emst also be agsured. 


The Electric Automatic Pilot 
Al) units of an. electric autceatie pilot are completely electrified, and their — 
operation goes not depend on the altitude of flight or the temperature. Electric 
heaters are installed on the units of the sensitive element and the servo units, and 
are turned on. *hen the temperature drops below -20°C. ; 
The automatic pilot: controls the aircraft and stabilizes the sight in azimuth 
" guring bombing operations. The action of the control surfaces is coordinated, 1.¢-, 
“during a bank not only the ailerons but also the rudder and elevators are deflected. 
This assures high accuracy of stabilization. 
| The electric automatic pilot provides three aircraft stabilizations. The sen- 
7 sitive element of the directional stabilization consists of a free gyroscope and an 
oi damper by means of which the angular velocity of the aircraft with respect to 
“the vertical axis is measured*. The sensitive element of the longitudinal-lateral 
_ stabilizers consists of a free gyroscope with pendulum corrections. 
| The complete set of the electric automatic pilot includes: 
1. Course stabilizer unit; 
2. Longitudinal and gis stabiliser unit; 
3. Servo units; 


he Control panel. 


“> wpeeding @ signal, proportional to the angular velocity into the course channel im 











i 
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Sy Amplifier; 
- 6s Junetion box; 
J. Course indicator. 
‘The. absence or mechanical connections between the elements of the automatic pi- 
‘lot considerably facilitates its installation. 
The slide (2) of the course control is connected to the block (4), bearing the 
“eiperac of the course and aileron potentiometers. 
The displacement of the potentioneter slide wire is proportional to the angular 
deflection of the aircraft from the course and to the rate of such deflection. 
Before the automatic pilot is turned on, the wiper of the course potentiometer 
must be in a neutral position 
The pilot's indicator (7) consists of a galvanometric instrument operated on di- 
..rect current and connected to the potentiometer. The galvanometer measures the vol- 
Vane across the area from the midpoint of the potentiometer to the point of contact 
with the wiper. The value of this voltage is porportional to the change of course 
dnaie | 
The load on the vertical axis of the Gyroscope unit imposed by the forces of 
« CAete and inertia is so great that compensation is required, 
| Por this, the design includes a correction device (Fig. 156) in the form of the 
motor (1), which dewlops a moment with a sign opposite to that. of the moment ex- 
“erted on the gyroscope. The cog wheel (2), rigidly connected with the outer verti- 
“eal frame of ‘the gyroscope, is connected over intermediate cog wheels with the | 
“Ape (3) and (4) sliding along its shaft: to these, the two friction disks (5) are 
rigidly connected. The two cog wheels (8), with the Same number of teeth, are 
/_~ mounted coaxially with the disks. 
a ‘The. faces of these cog wheels, facing the a Taekeen disks, have a cork covering. 


ss Stabilizer _ 


“Pigure 155 gives. the ewatis tabled of the course stabilizer of the electric 
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a automite-pilot. 


The free gyroscope haa- its axis of natural rotation in the horizontal position; 


“its rotor is fed by direct current and rotates at the rate of 7000 - ~ 8000 rpm. 


Figel55 - Kinematic Diagram of the Course Stabilizer of an Electric 
Automatic Pilot 
i - Caging mechanism; 2 - Potentiometer wiper; 3 - Slide; 4 - Block; 


5 - Tie rod; 6 - Pointer; 7 - Pilot's indicator 


A friction clutch with a drum, above Which a second drum is installed, connec- 
ted over a clutch wath the sight, is rigidly connected with the vertical axis of the 
- outer freus. A ive with three levers is coupled to the friction drum. One lever 
ha abiniested with the wipers (2) of the control potentiometer, the sescna with the 
~ caging mechanism (1), while the third connects the slide (3) with the. indicator (7). 


The left side of the case of the course stabilizer carries the box containing 


CAMARO RM Tete NR OSMAN D aati onde om 


the ‘control potentioneters, including the potentioneter of the course control and 
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the | double potentioneter for adleron ‘control. 


_ Both cg wheels sey are actuated into continuous and mutually opposite rotation 
oy the motor (1). 


‘The brush Ms mounted on the gyroscope shell, slides along two pairs of thin 


plates (8) when the gyroscope rotates about the vertical axis. 


Fach inner plate is connected across 2 resistance with a winding of one of the — 
electromagnets (9), which are connected in series and, when turned on, attract the 
_ frietion disks with the cork surface, bearing the cog wheel (6). 
| ‘The outer plates are connected directly with the magnets (9). 
When an external moment acts about the vertical waecor the outer frame, the 
axis of the rotor precesses in a vertical plane. | 
When the rotor is inelined te a side opposite that indicated by the arrow Ay 
the brush (7) closes the circuit of the right electromagnet, the right disk engages 
the gear wheel (6), and the frictional moment developed on the surfaces of this disk 
ig. superimposed on the moment directly opposite the load moment, whose direction is 
 Andicated by the arrow B. 
: If the frictional moment proves greater than the load moment, then the axis of 
the rotor will be displaced in a direction opposite to the original direction until 
the brush (7) rests on the insulator between the plates and the action of the fric- 
tonal moment is interrupted. If the frictional moment proves to be insufficient, 
--then the axis of. the rotor will be inclined until the circuit of the right electro- 
- magnet is closed, this tine over the upper plate (without the intermediate resistor), 


as a result of which the force of adhesion on the friction disks and, consequently, 


espn SR ADEA ah gah Cigale bapa EP AARON AES niet soht te nea tn RE, gS Rat EE Ua EES Wah eee esa 2 DR Stated cette ves 


| allo the frictional moment, will increase. When the case of the course stabilizer 
me is motionless, the cog wheel (2)s t the gears (3) and 1h), and the friction + 
> disks (5) are all stationary. | 
: ‘The sensitive element of the Longitudinal -lateral stabilizer is a gyro vertical 
“(reas fed ty 2b-volt direct current. The ‘speed of ‘the gyro vertical rotor is 
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The gyro:-yertical has.a friction-pendulum correction device. 
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FL 156 Diagram of correction of a Gyroscope for Continuous: Rotation of che 
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“correction Motor 
As ‘Motors. 2- Cog vheelas. 3 aie  - Drive gears; 5 - Diske; 6 - Cog wheels; 
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When the aircraft turns, the lateral correction is switched off, and the gyro- 


‘Scope will not undergo precession due to the action of inertia forces, 


The brushes of the tiirn-and-bank potentiometers are attached to the gyroscope 
frames. These potentioneters are fed by alternating current from separate trans~ 
formers. | 
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Fig.157 ~ Gyro Vertical 
i - Principal axis; 2 - Electric motor 


y a, 
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_ ‘The voltages from the brushes of all the potentiometers (o 


ser and the gyro vertical) are fed to the control panel to which 
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_ the follow-up potentioneters on the servo units are also fed. 
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* ‘There are six aioe on the control panel, two of which ei.gnad the operating of 
the. autonatie pilot, and a change-over ee allowing the control of the aircraft 
6 be. turned over to any member of the crew, In addition, the control panel also 
ee switches for “Andividually disconnecting the Bervo, units. 


When the current is turned off, all the servo unite are automatically discon- 


ected, Per the automatic pilot ceases to control the aircraft. 
an 
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